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FOREWORD 
This final report is submitted for the LOX/Hydrocarbon Fuel Carbon 
Formation and Mixing Data Analysis Program per the requirements of Contract 
NAS 3-22823. The work was performed by the AeroJet Liquid Rocket 
Company (ALRC) for the National Aeronautics and Space Administration-Lewis 
Research Center (NASA-LeRC). The objective of the program was to 
correlate the combustion phenomena observed under NASA/ JSC Contract NAS 
9-15724 with the calculated propellant combustion 
of injector cold-flow testing and analytical 
vaporization and mixing characteristics. 
parameters through the use 
evaluation of propellant 
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Two key areas for limiting the cost of future space transportation 
systems are economical engine development and operation and optimal 
utilization of low-cost propellants, such as the liquid oxygen/hydrocarbons 
(LOX/HC). As a result,it is imperative to characterize LOX/HC combustion 
through the analysis and test of various injector element designs to provide 
a data base to rationally select the most promising propellant combination (s) 
and injector elements for future technology efforts and engine development 
programs. 
High-speed single-element photography has been proven to be an 
economical and effective method for characterizmg and evaluating hypergolic 
propellant combustion (Reference I). The results have been successfully 
applied to several engine development programs at AeroJet Liquid Rocket 
Company (ALRC). Recently, the same technique was successfully used to 
characterize LOX/HC propellant combustion under a study contract sponsored 
by NASA/ JSC (Reference 2) in which high-speed photographs were taken of 
the Impingement spray field and adjacent combustion zone. A total of 127 
tests were conducted using four different fuels (RP-l, propane, liqUid and 
gaseous methane, and ammonia) and seven different mjector element types 
(Oxidizer-Fuel-Oxldizer (OFO) Triplet, Rectangular Unlike Doublet (RUD), 
Platelet Transverse Like-on-Like (TLOL) Doublet, Unlike Doublet (UD), 
Electrode-Discharge-Machmed Llke-on-Lil~e (EDM-LOL) Doublet, Pre-Atomized 
Triplet (PAT), and Slit Triplet). These photographs show regions of dark 
clouds emanating from the propellant spray. The prevalence of these dark 
clouds was found to be dependent on chamber pressure, fuel temperature, 
r 
propellant mixture ratio, and injector element design; and they have been 
interpreted as areas of fuel vaporization-dependent carbon formation. 
However, the interpretation has not been substantiated through experiMental 
measurement or analytical evaluation. Since this observation is key to 
understanding carbon formation and hence, performance and compatibility 
within LOX/HC engines, it is imperative that substantiation be provided. 
B. Objective 
The objective of this effort is to improve the understanding and 
the prediction techniques of LOX/HC carbon formation and combustion 
performance. Analytical combustion models and supporting cold flow data 
were used to estimate propellant mass distributions under hot-fire conditions 
for correlation of carbon formation regions observed in existing photographic 
combustion to verify the hypothesis of fuel-vaporization limited carbon 
formation. 
C. Scope 
The analytical models which were used are limited to those with 
successful previous experiences or those justifiable by experimental 
evidences. The propellant mass distribution in the combustion chamber was 
assumed identical to that determined by the injector cold-flow testing. The 
carbon formation data was limited to those reported in Reference 2 and no 
additional hot-fire tests were conducted. 
D. Approach 
The basic approach for this study consisted of the determination of 
the propellant droplet spray cold-flow r.1ass distrtbutlOn and calculation of 
the vaporization rates of individual streamtubes to provide the basis for the 
prediction of spatial variation of liquid and vapor phase mixing. These 






carbon formation withm the spray and recirculatIOn gas zones. The program 
consists of the following three technical tasks: 
Task I, Selection of Data for Analysis, resulted in the selection of 
40 tests from the 127 tests conducted under contract NAS 9-15724 (Reference 
2) for further analytical evaluation. The selected tests included data 
obtained fromd four injector element types (EDM-LOL, TLOL, OFO Triplet 
and PAT) and two fuels (RP-1 and propane). 
Task II, Data Analysis, consisted of two subtasks: (J) injector 
cold-flow testing to measure the liquid-phase mass distributions; and (2) 
vaporization analysIs to predict the gas temperature,and liquid /vapor 
propellant mass distributions in vanous locations in the chamber. 
During Task III, Data Correlation and Analysis Update, the 
calculated combustion parameters were correlated with the observed 
combustion phenomena to defme the carbon formation mechanism. 
3 
II SUMMARY 
The photographic carbon formation data of Reference 2 were reviewed. 
From the 127 hot-fire tests conducted, forty tests were selected for further 
analytical evaluation of the propellant vaporization and mixing 
characteristics. These tests included two hydrocarbon fuels (RP-l and 
propane) and four injectors (OFO Triplet, TLOL, EDM-LOL, and PAT). 
Each injector exhibited its unique carbon formation characteristics and the 
tests selected covered wide range of injector Ipropellant operating conditions 
showing large variations of carbon formation. 
All four injectors were cold-flow tested using a collection device to 
characterize the propellant mixing pattern. The sprays issuing from the 
injector or formed by the impinging jets were picked up by a 4.83 cm x 4.83 
cm (1.49" x 1.49") collector head, which was evenly divided into 100 (lOx 
10) flow passages. The fluids through each passage were collected by a 
glass tube. Since the propellant simulants (Freon for the oXidizer and water 
for the fuel) were immiscible, the volume of each of the two simulants 
collected by any given location was determined readily. This measurement 
was repeated for various distances between the injector and the collector 
head, to establish the mass and mixture ratio distributions of the two 
propellants at various chamber axial locations. 
A vaporization computer model was written to predict spatial variation 
of propellant vaporization rate using the Injector cold flow results to define 
local zones (streamtubes). This model applied the Priem-Heidmann 
Generalized-Length vaporization correlation to the individual streamtubes 
determined from the cold flow measurements. Consideration was also made to 
4 
,..... 
include the off-nominal gas temperature effect on the vaporization rate 
caused by mixture ratio variation. 
Results of this analysIs show that the fuel vaporization rate and the 
local mixture ratio produced by the injector element have first order effects 
on the degree of carbon formation. Low fuel vaporization rates significantly 
increase the deg ree of carbon formation. Also, fuel rich zones containing 
liquid (vaporizing) fuel are sources of carbon formation. For similar injector 
operating conditions, propane produces less carbon formation than RP-l 
because of its higher vaporization rate. Chamber pressure also appears to 
have an effect on carbon formation which is observed to decrease with 
increasing pressure. 
As a result, the degree of carbon formation can be controlled by 
controlling the fuel vaporization rate and the local combustor mixture ratio 
distribution. These parameters, on the other hand, are a function of the 
injector element design and the propellant properties and operating 
condition. 
The present study was limited to unr-element inJectors, which inherently 
possess large amount of hot gases reci rculating in the combustion chamber. 
In order to have a closer sir:1ulatlon of full scale engine combustion 
environment, further Investigations using multi-element injectors a 
recommended. 
The vaporization analysis of the present study included the effect of 
propellant mixing, which was characterrzed by Injector cold-flow. This 
approach of integrating the mixing data Into the propellant vaporization 
analYSIS was found to be practical In usage and realistic in modeling; yet, 
the computation was simple and straight forward. Hence, an engine 




model as a frame work. Such a model is useful and convenient for engine 







III HOT-FIRE DATA 
A. Test Results Summary 
The work undertaken by Reference 2 resulted in the design and 
testing of seven single element injectors and four fuels with the aIm of 
photographically characterizing combustIon phenomena of LOX/HC propellant 
combinations. The seven injectors tested were the OFO Triplet, the Platelet 
Transverse Like-on-Like Doublet (TLOL), the Rectangular Unlike Doublet 
(RUD), the Unlike Doublet (UD), the Electrode DIscharge Machined 
Like-on-Like Doublet (EDM-LOL), the Platelet Pre-AtomIzed Triplet (PAT), 
and the EDM Slit Triplet. The fuels tested were RP-l, Propane, Methane 
and Ammonia. The hot firings were conducted in a specifically constructed 
square chamber fItted with quartz Windows for photographically viewing the 
impingement spray field. Removable copper Inserts were used for varying 
the nozzle configuration to provide the desired operating chamber pressures. 
Figure 1 shows the test chamber assembly and the nozzle Insert. 
Test photographic results showed that the appearance of LOX/HC 
combustion is markedly different from previously observed storable propellant 
combustion (Reference 1). In the fuel rich zone, the flame was usually 
yellow-brownish. However, some times the flame became reddIsh WIth visible 
black smoke streaks which In extrer1e cases fIlled the entIre combustion 
chamber. Figure 2 dIsplays two photographIc results. In the top 
photograph, black clouds are clearly VIsible downstream of the Impingement 
zone. The occurrence of these clouds was assumed to indicate the formation 
of free carbon during the combustion process. Under different condItions, 
no black clouds were observed in the flame produced by the same injector 
and propellants as shown In the bottom photog raph. 
7 
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Appendix A summarizes the test data accumulated by Reference 2. 
One hundred and twenty-seven (127) tests were conducted over a chamber 
pressure range of 860-10340 kPa (125-1500 pSla), a fuel temperature range of 
-154 to 70°C (-245 to 158°F), and a fuel velocity range of 15 to 213 m/sec 
(50-700 ft/sec). As noted in Reference 2, the data show the following carbon 
formation trends: 
II As the fuel vaporization rate increases in the injector face 
near-zone, carbon formation decreases. This suggests that oxidizer/fuel 
mixing In liquid phase promotes carbon formation. Small drop size, high fuel 
temperature, and late oxidizer/fuel mixing relative to the pOint of atomization 
reduce carbon formation. II 
B. Data Selection 
Among the 127 hot-fire tests, 40 tests were selected for further 
analysis during this effort. As shown in Table I, these tests include four 
injectors (OFO Tdriplet, TLOL, EDM-LOL, and PAT) and two fuels (RP-1 
and propane). 
Major considerations In the selection process, listed in order of 
priority, were (I) quality of existing photographic data, (2) tests comprising 
a wide range of operating variables, (3) prevIOus analytical characterization 
of the injector element (e.g., drop size and distribution analyses), and (4) 
potential application to future engine systems. 
The Unlike Doublet injector was tested only with ammonia, which 
naturally does not Yield carbon formation data. The Slit Triplet injector was 
tested with gaseous methane, resulting In poor mixing without eVidence of 
carbon deposits. The tests with the RUD injector did not yield good quality 
data for analYSIS. For that inJector, the RP-1 tests were unsuccessful, and 
10 
TABLE I HOT-FIRE TESTS SELECTED FOR ANALYSIS 
TEST NO INJECTOR FUEL PC {kPal MR T f L!:l J:!QQL 
101 OFO Triplet RP-l 3170 2.40 10 S (Slightly Clouded) 
105 OFO Triplet RP-l 3310 2 BO 10 S 
106 OFO Triplet RP-l 3345 2 75 10 S 
109 OFO Triplet RP-l 3275 2 40 13 S 
110 OFO Triplet RP-l 3310 2 70 19 S 
111 OFO Triplet RP-l 3310 2.70 19 S 
116 OFO Triplet RP-l 10340 2.60 10 C (Clear) 
120 TLOl RP-l 930 2 35 5 o (Obscure) 
121 TLOl RP-l 2135 2.80 3 H (Moderately Clouded) 
122 TLOL RP-l 5380 2.75 7 C 
123 TLOL RP-l 3275 2 65 2 S 
124 TLOL RP-l 3275 2 65 2 S 
127 TLOl RP-l 1725 2 85 1 M 
128 TLOl RP-l 2760 3.10 4 S 
129 TLOL RP-l 5515 2 80 7 C 
130 TLOl Propane 930 2 50 7 S 
131 TLOL Propane 2000 2 65 6 C 
132 TLOL Propane 3725 3 00 6 C 
133 TLOL Propane 5445 2 80 7 C 
157 EDH-LOL Propane 5515 2.80 8 M 
158 EOM-LOL Propane 3860 2 85 -2 0 
159 EOM-LOL Propane 2035 2 90 4 0 
160 EOM-LOL Propane 1035 2.80 
-1 0 
161 EOM-LOl Propane 5515 2 90 16 H 
162 EIlM-lOl Propane 3790 2 95 16 0 
164 EOM-lOL Propane 2000 2 90 27 0 
165 EOM-LOL Propane 5515 2 85 64 C 
168 EOM-LOL Propane 3790 2 90 68 M 
169 EOM-LOL Propane 2205 3.10 70 C 
171 EDM-LOL Propane 4415 2 80 51 S 
178 PAT Propane 3860 2 75 21 S 
179 PAT Propane 2070 2 85 19 S 
~ 182 PAT Propane 1035 2.90 18 f1 
184 PAT Propane 2070 2.85 19 S 
187 PAT Propane 5515 2 90 19 C 
,-., 
189 PAT Propane 1070 2 80 17 M 
190 PAT Propane 1140 2 75 17 S 
193 PAT Propane 3860 2 80 49 S 
194 PAT Propane 2345 3 00 46 S 
197 PAT Propane 3480 3 00 6 S 
11 
/ 
the propane tests had poor visibility due to either heavy carbon formation or 
poor external lighting. Consequently, the remainmg four injectors were 
considered for analysis. The reasons Justifying their selection are outlined 
below. 
The EDM-LOL injector IS considered as a candidate because of its 
historical use with LOX/HC propellants and because of the variety of carbon 
formation modes it displayed at different hot-fire operating conditions. 
The TLOL injector is also an mteresting candidate because it IS a 
platelet version of the EDM-LOL, havmg a smaller unlike impingement angle 
and a longer unlike Impingement height. These differences between the 
,- EDM-LOL and the TLOL were found to result m entirely different mixing 
patterns and quantities of carbon formation. 
The PAT injector, tested extensively on Contract NAS 9-15724, 
displayed a tendency to avoid carbon formation until lower chamber 
pressures were reached. The propellant streams are preatomlzed before 
impingement and have long free-stream lengths. 
The OFO Triplet injector was selected because historically, it is a 
very high-performing element. Also, It provides an excellent design 
contrast to the PAT injector smce it utilizes oxidizer external impingement on 
an mternal fuel jet whereas the PAT element has the oxidizer fan contained 
within fuel fans. 
Figures 3 through 6 show the carbon formation dependency on 
chamber pressure, mixture ratios and fuel temperature for the tests 
conducted with the OFO Triplet, TLOL, EDM-LOL, and PAT mjectors. The 
tests selected for further analysis are identified by underlining. For each 
injector, the tests selected were limited to those having mixture ratios close 
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ratio (or momentum ratio) and the cold-flow tests were limited to only one 
momentum ratio per injector. Figures 7 through 10 show the injection 
element configurations for the OFO Triplet, TLOL, EDM-LOL, and PAT 
inJectors, respectively. The propellant atomization and mixing of the OFO 
Triplet injector are brought about by the unlike coherent jet streams 
impingement. For the TLOL and EDM-LOL injectors, the propellant 
atomization results from like-on-like impingement and the mixing is 
accomplished by, canting both spray fans toward each other resulting in 
edge-on-edge unlike impinger.1ent. The atomization prior to the unlike 
impingement for the PAT injector is carried out by splashing the jet against 
an internal plate for the fuel or by internal jets impingement for the 
oxidizer. The mixing is achieved by the simultaneous broad-side 
impingement of the spray fans. 
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IV INJECTOR COLD-FLOW TESTING 
A. Objective 
The propellant mixing of a uni-element injector is determined only 
by the intra-element mixing mechanism as opposed to the combination of 
intra- and inter-element mixing for a multi-element injector. Thus, a 
multi-element injector results in more uniform r.1ixing than a uni-element 
injector across the entire chamber cross-section. In order to apply the 
vaporization correlation of Reference 3, which was based on multi-element 
injector data, to the present case of uni-element injector, the effect of 
mixing characteristics on spray combustion must be included. Moreover, the 
photographs of Reference 2 show localized carbon formation for some cases, 
indicating the strong mixing effect on carbon formation. The objective of the 
injector cold-flow testing was to experimentally determine the mass 
distributions of the oxidizer and fuel at various cross-sections of the 
chamber for use in the combustion analysis. 
[3. Method and Apparatus 
The same injector bodies previously hot-fire tested in Reference 2 
were used for the cold-flow testing. This experiment was conducted at the 
ALRC Physics Research Lab (A-Area) uSing the test setup shown in Figure 
11. Tap water and Freon TF solvent were used as fuel and oxidizer 
simulants, respectively. The simulant bottles were pressurized with gaseous 
nitrogen. In order to maintain the Injector manifold pressures at deSired 
values, the nitrogen flows were controlled by pressure regulators. The 
physical properties of the Freon used are given in Figure 12. 
The sprays formed by the Injected liquids were intercepted by a 
spray collector consisting of a lOx 10 grid of flow passages. The fluids 
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100 
the simulants are immiscible, the mass distributions of both simulants for a 
given injector and test condition were readily determined from the collected 
fluids. 
C. Results 
For each Injector, experiments were run at four different distances 
between the injector face and the grid face: 1.27 cm (0.5"), 2.54 cm (1.0"), 
3.81 cm (1.5"), and 5.08 cm (2.0"), except for the OFO Triplet injector. 
For that Injector, the spray exceeded the collector face area at the 5.08 cm 
(2.0") distance and therefore the measurements were made only at the 
shorter distances. 
All experiments were made at oXldizer-to-fuel momentum ratios 
corresponding to the nominal mixture ratios of hot-fire tests. Table II 
summarizes the nominal Injector operating conditions of both hot-fire tests 
and cold-flow experiments for the four injectors. 
The data obtained from such cold-flow tests are summarized in 
Appendix B. Each grid of the collector head IS represented by a block 
coordinate, (I, J), which contains, in order, oXldlzer-to-fuel mixture ratio, 
oxidizer mass fraction, and fuel mass fraction. The approximate locations of 
the injection orifice projections on the collector head are also shown. For 
the case where the collector head is 3.81 cm (1. 5 Inches) below the injector 
face, the mixture ratiOS, OXidizer Mass fractions and fuel mass fractions are 
shown in 3-dimenslOnal representation In Figures 13 through 16. 
The OFO Triplet injector was found to have misimpingement in a 
manner such that part of one OXidizer jet stream passes by the other two 
jets without mlxmg, as shown in Figure 17. This same Jet stream also 
Impmges on the fuel Jet before the other oxidizer Jet does. These two 
23 
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TABLE II - INJECTOR HOT-FIRE AND COLD-FLOW NOMINAL OPERATING CONDITIONS 
INJECTOR EDM-LOL OFO-TRIPLET T-LOL PAT 
HOT-FIRE 
Oxidizer LOX LOX LOX LOX 
Fuel Propane RP-1 RP-1 Propane 
Po' kg/m 3 1156 1156 1156 1156 
PF' kg/m 
3 498 803 803 498 
Nominal MR 2.9 2.6 2.8 2.9 
Momentum Ratio 1.82 2.14 2.43 1.46 
COLD-FLOH 
~ Oxidizer Freon Freon Freon Freon 
:::. 
Fuel Water Water Water Water 
Po' kg/m
3 1589 1589 1589 1589 
Pf' kg/m
3 1002 1002 1002 1002 
Momentum Ratio Sought 1.82 2.14 2.43 1.46 
Reqd b.P/b.PF 0.915 0.977 1.082 0.590 
Tested b.Po' N/m2 316 309 370 274 
Tested b.PF, N/m2 343 309 343 480 
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FIGURE 17. OFO TRIPLET INJECTOR COLD-FLOW SPRAY PATTERN 
FIGURE 19. ED -LOL I JECTOR COLD - FLOW SPRAY PATTER 
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anomalies result· m the uncommon cold-flow mixing ptlttern mdicated by 
Figure 13. Figure 18 describes this mlxlIlg pattern and its c·~juses. 
The spray fans of the EDM-LOL element are shown in Figure 19. 
The unlike cant angles of the spray centerlllles are 10° for the oxidizer and 
22° for the fuel resulting in an unlike Impingement height of 0.88 cm (.35 
in.). Figure 14 shows that the fluids of both circuits are Iilostly 
concentrated m the center of the spray field so that the mass fraction 
decreases as it moves away from the center. Figure 20 schematically shows 
the mlxmg distribution pattern observed from Figure 14. A fuel-rich zone IS 
sandwiched between two oXidizer-rich zones. Nominal mixture ratios appear 
along the oxidizer-rich and fuel-rich interfaces. 
The spray fans of the TLOL element are shown if) Figure 21. This 
element is a platelet version of the conventional LOL (EDM-LOL) element. 
The total included angle between the centerlmes of the impinging unlike fans 
is 15° instead of 32° as used m EDM-LOL. This Yields a long unlike 
Impingement height approximately equal to 1.42 cm (.56 m.). Figure 15 
shows that although the oxidizer spray of the TLOL element spreads much 
like the oxidizer spray of the ED"-t-LOL element due to high oXidizer 
momentum, the fuel IS confined to a narrow area and hardly spreads and 
penetrates Into the oxidizer-dominated zone. Figure 22 IS a sketch of the 
mixing pattern observed from the data. This poor mixing is caused by the 
small unlike impingement angle. 
The spray fans of the PAT element are shown In Figure 23. This 
element has a spray pattern different frolil the OFO Triplet in two ways. 
First, the PAT Injector consists of two fuel orifices (Splash Plate elements) 
on the opposite sides of a single oxidizer orifice (X-Doublet element). This 
arrangement is just opposite to the OFO Triplet arrangement. Second, each 
30 
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orifice of the PAT Injector produces a spray fan, resulting In sheet-on-sheet 
impingement Instead of coherent Jet Impingement as In the OFO Triplet. 
Figure 16 shows a bell-shape type of fan-span mass distribution for both the 
oxidizer and fuel fans. The fuel has a much smaller fan angle than the 
oxidizer which results In a mixing pattern consisting of a slightly fuel-rich 
zone along the element centerline and two oxidizer-nch zones, carrying small 
total mass fraction, on each Side of the fuel-rich zone. The small fuel cant 
angle results in long unlike impingement height approximately equal to 3.38 
cm (I. 33 in). This causes a poor mixing pattern similar to that observed for 
the TLOL, Injector. Figure 24 qualitatively outlines the contour of the mixing 
pattern. 
Figure 25 is a sketch of the hot-fire view Window, through which 
the photographs of spray combustion fields were taken as described In 
Reference 2. Corresponding to the cold-flow testing, the entire view scope 
can be divided into three planes perpendicular to the chamber axis and 
located at 1.27 cm (O.S"), 2.S4 cm (LO"), and 3.81 cm (LS"), 
respectively, downstream from the injector face. On each plane, there are 
as many as 100 (10 x 10) square cross-sections With dimensions at 0.48 cm x 
0.48 cm (0.19" x 0.19"). Each cross-section represents a grid of cold-flow 
collector head and has propellant mass fractions determined by cold-flow 
tests. This arrangement allows a direct comparison of the vaporization 
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V VAPORIZATION ANALYSIS 
A. Generalized-Length Model Summary 
The present vaporization analysis is based on the Priem-Heidmann 
Generalized-Length model reported In Reference 3. This model, correlates the 
propellant mass vaporized with an effective chamber length (generalized 
length, L ), defined by the following equation: gen 
L = (L /C 0.44 + ° 833 L ICC 0.22 5°·33)) (Pcl2068)0.66 KpKJ (1) gen cR· N R 
where 
Kp = (I - T )0.4 (H /325 64)°·8 (M/l00)0.35 
r v· 
Nomenclature IS defined in Appendix F. Figure 26 shows the average value 
of propellant mass vaporized as a function of L , with extrapolations from gen 
the correlation of Reference 3 for vaporization less than 1 % or greater than 
99%. 
The correlations of the mass-median droplet radius, r m' shown in 
Figure 27 were determined by Reference 3 from LOX/Heptane hot-fire 
performance data by assuming equal drop size for both propellants. The 
injection velocity is at 19.8 m/sec (65 ftlsec). The impinging jets 
(like-on-lIke) and triplet types of injector have an impingement half angles 
equal to 45°. In order to apply this drop size correlation to other engine 
operating conditions , the effects of propellant properties, injection velocity, 
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FIGURE 27. DROP SIZE DETERMINED FROM EXPERIMENTAL LOX/HEPTANE 





For the effects of propellant surface tension (0), viscosity (]..I), 
and density (p) on the mass median drop size ( r m ), Reference 3 
recommended the followmg relationship based on the result of Reference 4: 
r = 99.29 r (o]..l/p)O.25 
m m, uncor 
(2) 
The effects of the injection velocity and injector configuration which are not 
included in Reference 3 are accounted for by the present investigation as 
discussed in the following subsection. 
B. Atomization Process Considerations 
LiqUid droplets are formed through the dlsmtegration of jets or 
sheets. All four injectors considered in the present study produce droplets 
by sheet disintegration. With this type of mJector, a propellant sheet is 
either issued directly from the injection orifice such as Splash-Plate and 
X-Doublet, or formed by impmgmg Jets such as OFO Triplet and 
Like-On-Like doublet. The self-formed sheet and the majority of the liquid 
mass of the impmging-jet-formed sheet eXist as a forward diverging fan with 
attenuating fan thickness. The lateral edges of the fan break up and form 
drops when the declining surface tensIOn becomes less than the propellant 
momentum. Due to aerodynamic instability, the leading edge of the fan 
breaks up into ligaments, which subsequently form droplets. This droplet 
formation process is affected by Injector configuratIOn, propellant physical 
and hydraulic properties, and the surroundmg gas physical properties. 
A survey of the values reported m the open literature for the 




I I I. The most reasonable value seems to ue 0.66 since it was reported by 
most investigators and by both experimental and theoretical results. As a 
result, this exponent has been used to account for the injection velocity 
effect on drop size. 
The injector configuration affects the drop size by its orifice 
size and the fan angle It Yields. The orifice size effect has been provided 
by the correlation shown in Figure 27. The fan angle model and the effect 
of fan angle on drop size are discussed herein. 
Both experimental (References 15, 16, and 17) and theoretical 
(Reference 18) investigations have shown that the liquid sheets formed by 
two like impinging jets are disk-like in shape with the thickness varying 
ci rcumferentlally. The sheet thickness IS uniform when the total 
impingement angle IS 1800 • However, as the Impingement angle decreases the 
mass of the liquid becomes more and more concentrated along the forward 
symmetrical axis and the thinner portions of the sheet break up earlier so 
that the sheet appears like a forward diverging fan instead of a disk-like 
sheet. One can use an Iterative solution to arrive at the fan angle as a 
function of Impingement angle, as shown In Figure 28. The fan angle 
predicted by this simplified model IS shown in Figure 29 to contain no less 
than 88% of the mass predicted by Hasson model (Reference 18). 
The sheets formed by the two outer Jets of a triplet injector 
are identical to that formed by the Iike-on-like impinging jets except the fan 
thickness is reduced by half. The sheet formed by the middle jet stream is 
controlled by the impingement angle and the momentum ratio of the unlike 




SURVEY OF EXPONENT OF VELOCITY DEPENDENCY OF DROP SIZE 
DROP SIZE 
CORRELATED 
EXPERIMENTAL AUTHOR REF . EXPONENT INJECTION DEVICE 
.-.. 
I 
d Mugele 5 -0.66 Pressure nozzle & max Impinging Jet 
--
I 
d 32 Mugele 5 -0.55 Pressure nozzle & Impmging Jet 
d 32 Dombrowski 6 -0.79 Impinging Jet & Hooper 
d 32 JasuJa 7 -0.86 Pressure nozzle 
d SO (=d ) m Longwell 8,9 -0.66 Pressure nozzle 
d 32 Fraser 10 -0.706 Pressure nozzle 
Theoretical 
d Hagerty & 11 -1 Plane sheet 
Shea 
d Fraser, 12 -2/3 Spray fan 
et. a I. 
d Dombrowski 13 -2/3 Spray fan, long 
& Hooper wave length 
d Dombrowski 13 -0.72 Spray fan, medium 
& Hooper wave length 
d Dombrowski 13 0 Spray fan, short 
& Hooper wave length 
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FIGURE 29. MASS FRACTION CONTAINED IN THE FAN ANGLE PREDICTED 





triplet Injector. If the maximum mIxing effIciency occurs at equal fan 
angles, the uni-element cold-flow data of Reference 19 appear to validate the 
predicted mIddle Jet fan angle. 
Because of constant density and conservation of the mass, the 
fan angle controls the fan thickness, which in turn determines the drop 
sIze. Reference 14 implIes that the exponent of the fan angle dependency of 
drop size is -1/3. As a result, the drop size increases or decreases as the 
fan angle decreases or Increases. 
C. Application of Generalized-Length Model 
In applYing the L model to a general case, in which the gen 
propellant Injection velocIty and the injection element type or configuration 
are different from those of Reference 3, modifIcations to the original drop 
size correlatIon are necessary. The following calculation procedures were 
used by the present Investigation for determining propellant vaporization 
effIciency. 
1. Determine the uncorrected drop size from Figure 27 and the 
fan angle from FIgure 28 or 30. 
2. Calculate the corrected mass-median droplet radIus using the 
following equation: 
rm = rm,uncor x 3.07x103 x cr~ 0.25 -0.66 -1/3 V a. (3) 
3. Use equatIon (1) to determine the value of generalized length. 
4. Use FIgure 26 to determine the percentage of propellant mass 
vaporized at a given chamber aXIal location. 
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The vaporization analysis performed by the present study is based 
on the L model with the modifications described precedingly. The gen 
combustion chamber within the scope of tile view window is divided axially 
into three equally spaced regions as shown in Figure 25. Each plane 
corresponds to a cold-flow collector-plane location, relative to the injector 
face. A three dimensional representation of the zoning is provided m Figure 
31. 
A vaporization computer model based on this spatial arrangement 
was formulated as described below. 
1. Consider a chamber control voh,Jme encompassed by a nght 
. 
rectangular cylinder with 4.83 cm x 4.83 cm (1.9 11 x 1.9 11 ) cross-section and 
3.81 cm (1.5") in length from the injector face. 
2. The cylinder is divided aXially into three sections of equal 
length with 1.27 cm (0.5") each. Therefore, the entire control volume 
contains three exit planes perpendicular to the axis. 
3. Each plane is further diVided into 100 (10 x 10) grids with 
equal dimensions at 0.48 cm x 0.48 cm (0.19" x 0.19"). 
4. The propellant present m a grid came solely from a specified 
grid in the precedmg plane, thereby forMing a section of a strearntube 
between the two grids. Oxidizer and fuel in a grid may come from different 
grids of the preceding plane. 
5. The Priem-Heidmann Generalized-Length vaporization 
correlation is assumed to be applicable to indiVidual streamtubes. 
6. The off-nominal gas temperature effect on vaporization rate is 
accounted for by a factor of (T - T ) I (T - T ), where T is the actual local 
s n S 
gas temperature, Tn IS the nominal gas temperature of 2778°K (5000 0 R), T s 
is either the propellant saturation temperature or the critical temperature 
48 
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, 
depending upon whether the chamber pressure IS below or above the 
propellant critical pressure. 
7. The vapors are assumed to travel together with the liquid 
droplets, from which they were evaporated. 
8. The chemical reaction (propellant burning) does not take 
place between planes. The vapors produced In a streamtube section react 
instantaneously on arrival at their destined grid if the counterpart vapors 
are available at that location. 
9. At a given propellant momentum ratio and axial location, the 
mass distribution of unburned propellant, including both vapor and liquid, is 
identical to that observed In cold flow tests. 
10. The reaction of the oxidizer and fuel vapors produces 
equilibrium products from which the local temperature is determined. The 
equilibrium reaction computation is carned out by the ODE computer program 
of Reference 20. 
11. No vaporization takes place in the preceding streamtube 
section, if the cold-flow mixture ratio In any grid is outside a specified 
range (extremely low or high). 
12. The effect of the recirculating chamber gases is neglected. 
The computation flowchart and program listing are provided in 
Appendix C. A sample run of the computer program including the input and 
output IS also provided. The NAMELIST input includes chamber pressure 
(PC), operating mixture ratio (MRJ), chamber contraction ratio (CR), 
number of planes (NPLANE), propellant Identification (IDa, IDF), propellant 
temperature (TO, TF), Injection velOCity (Va, VF), mass-median drop radius 
(RMO, RMF), and drop surface temperature (TSO, TSF). The propellant 
mass distribution is input through FORMAT input, which includes grid 
50 
number (J), mass fraction (CO, CF), and the corresponding grid number in 
the preceding plane (JOO, JFO). The output mcludes generalized length 
(LGO, LGF), gas temperature (TG), vaporizatIOn efficiency (EVO, EVF), 
vapor mixture ratio (MRV), and liquid mixture ratio (MRL). 
E. Input and Results 
The data input to the computer program for the 40 tests analyzed 
are summarized m Appendix D. The mixture ratios for the tests selected for 
a given injector are nearly const<lnt and their equivalent momentum ratios are 
approximately equal to that of the cold-flow tests. For each injector, this 
results in only one mixing pattern Identical to that characterized by the 
cold-flow tests. In preparmg the mass distributIOn data tables, any grid 
containing less th<ln 1 % of the total propellant mass was neglected. This 
greatly reduces the size of mass distributIOn table and simplifies the 
computation without appreciable saCrifice of <lccuracy. The trajectories of 
propellants were empirically determmed on the basis of measured mass 
distributions. 
The propellant mass-median drop sizes were calculated using the 
method described in SectIOn V. C. with the exception of the PAT fan 
angles. The fuel fan angle of the PAT injector is equal to 60°, the cup angle 
of the Splash Plate element. The oXidizer fan angle was determmed to be 
42° based on the cold-flow data. This oxidizer fan angle contains 80% of the 
total oXidizer flow. 
Appendix E tabulates the fuel mass fraction vaporized and liquid 
mixture ratio at all three planes predicted by the computer program. It also 
prOVides two sets of mass average values. One is depth average, in which 
the mass average IS taken from I = 0 to 9 at each J for the OFO Triplet 
inJector, and from J = 1 to 10 at each I for the other three mJectors. The 
51 
other is plane average, in which average is taken over the entire chamber 
cross section on each plane. The liquid mixture ratio represents the ratio of 
the liquid oXidizer to liquid fuel remaming for further vaporization and 
chemical reaction. 
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VI DATA CORRELATION 
A. Fuel Vaporization Rate Effect 
The photographically observed degrees of carbon formation shown 
in Figures 3 through 6 are compared to the average fuel vaporization 
efficiency at the 3.81 cm (1.5 11 ) plane In Figures 32 through 35. The degree 
of carbon formation IS noted for each test by its location within one of four 
shaded bands for the four carbon formation classifications: clear, slightly 
clouded, moderately clouded, and obscure. The darker shading representing 
, 
greater carbon formation and the lighter shading less carbon formation. The 
calculated vaporization rate IS noted by a vertical line at the % vaporized 
shown on the horizontal scale. The correlations indicate that in general the 
carbon formation is intensified as the fuel vaporization IS slowed down. 
Figure 32 shows that, for the OFO Triplet injector, test 116 has 
the fastest RP-l vaporization resulting In the clearest combustion flame. 
The TLOL injector was observed to yield much more carbon formatIOn than 
the OFO Triplet injector when both Injectors used RP-l as fuel. Comparison 
between Figure 32 and Figure 33 indicates that this is due to the much 
slower RP-l vaporization rate by the TLOL injector. Figure 33 also shows 
that the slower RP-l vaporization due to its lower volatility IS responsible 
for more carbon formation by RP-l than by propane. Figures 34 and 35 
further show the reduction in carbon formation by increasing the fuel 
vaporization rate for the EDM-LOL and PAT Injectors. 
[3. Chamber Pressure Effect 
In Figures 3 through 6, the chamber pressure appears to have an 
overwhelming effect on carbon formation. Therefore, a correlation was made 
to determine whether or not the pressure has direct control of the carbon 
53 
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formation in addition to its mdirect effect through Its influence on the 
vapOrizatIOn rate. Figures 36 through 39 correlate the carbon formation with 
the chamber pressure as well as the fuel vaporizatIOn rate. The chamber 
pressure itself seeming Iy has a second order effect. High chamber pressure 
Improves the clearness of the combustion flame at the same fuel vaporization 
for some cases. It explains why test 120 of the TLOL injector (Figure 37) 
was obscure and test 187 of the PAT Injector (Figure 39) was clear. It also 
improves the EDM-LOL correlation (Figure 38), however, test 169 of the 
EDM-LOL injector does not agree well with the correlation trend because the 
propane was Injected at the saturatIOn temperature of the tested chamber 
pressure. Under that condition the propane undergoes flash vaporization 
upon entering the combustion chamber as shown by Figure 2. The 
Priem-Heidmann L model is not valid for this case and underpredicts the gen 
vaporization rate for this case. Test 169 Indeed IS the most decisive 
evidence shOWing that fuel-vaporization rate controls carbon formation. 
C. Mixing Effect 
For the propane tests, the TLOL, EDM-LOL and PAT injectors 
exhibited different degrees of carbon formation even when they were 
operated at the same predicted fuel vaporizatIOn rate. ThiS suggests that 
propellant miXing has a direct effect on carbon formation besides its 
influence on the vaporizatIOn rate. 
In thiS study, the combustion zone of each injector was 
photographically viewed only from one fixed direction. Thus, the mixing 
characteristics discussed herein are limited to those exhibited in the plane 
perpendicular to that particular view. Figures 40 through 43 show the 
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plane. The distribution of this liquid Mixture ratio across the chamber 
height is seen to vary significantly from one Injector to another. 
Figure 40 indicates the existence of a liquid phase fuel rich zone 
around the chamber center line, which is surrounded by two liquid phase 
OXidizer rich zones. A typical clear OFO flame IS Illustrated by Figure 44, 
which shows a small amount of dark clouds being emanated from and only 
existing around the center of the flame. Comparison of Figures 40 and 44 
induces the direct associatIOn of the dark clouds to the unvaporized fuel. 
As they are migrating transversely through the oxidizer rich zone, the 
clouds are burned off In the OXidizer rich environment. Hence, it can be 
expected that the OFO Triplet element generates only a little amount of 
carbon that IS confined at the center of the flame. 
Figure 41 shows the predicted poor hot-fire liquid phase mixing 
for the TLOL Injector. OXidizer-rich zone exists on the oxidizer fan side, 
while the fuel-nch zone exists on the fuel fan Side. A slightly oxidizer-rich 
zone appear on the back Side of the fuel-rich zone but its effect on the 
overall flame characteristics is negligible because of ItS small mass fraction as 
shown In Figure 22. Figure 45 shows that the dark clouds of TLOL flame 
eXists only on the fuel fan Side, a liquid phase fuel rich zone. 
Unlike the OFO Triplet and TLOL inJectors, Figure 42 shows a 
much more uniform liqUid phase mixture ratio distribution across the chamber 
for the EDM-LOL inJector. Figure 46 shows that the dark clouds are 
emanated from everywhere throughout the entire mixed spray when they 
occur. ThiS IS another eVidence of close relation between the carbon 
formation and the propellant mixing. For the EDM-LOL inJector, once a 
carbon-laden cloud is formed, It will last indefinitely because of the lack of 
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FIGURE 44. HIGH -SPEEO PHOTOGRAPH OF OFO TRIPLET 
CARBON FORMATION PHENOMENA, TEST 116 
FIGURE 46 . HIGH -SPEED PHOTOGRAPH OF EDM-lOl CARBON 







FIGURE 45. HIGH-SPEED PHOTOGRAPH OF TlOl 
CARBON FORMATION PHENOMENA, TEST 129 
FI GURE 47. HIGH -SPEED PHOTOGRAPH OF PAT CARBON 
FORMATION PHENOMENA , TEST 17B 
-I 
Comparison of Figures 33 and 34 shows that, although It has faster 
propane vaporization, the EDM-LOL Injector produces much more carbon 
than the TLOL injector. The TLOL Injector IS a poor mixer for having a long 
oXidizer-fuel impingement height, therefore, the majority of the unvaporized 
fuel is hardly exposed to the oXidizer. The EDM-LOL injector, meanwhile, is 
a good mixer resulting from a much shorter oXidizer-fuel impingement height, 
therefore, the oXidizer is readily available to the vaporizing fuel. This 
difference In mixing characteristics appears to be the cause for the 
difference In carbon formation between these two injectors and It also leads 
to a conclusion that carbon formation is provoked by the exposure of liquid 
fuel to the oxidizer in a fuel rich environment. This also explains why the 
dark clouds do not occur until the fuel meets the oxidizer as shown in 
Figures 45 and 46. 
Figure 43 shows that tile unburned propellants are oXidizer-rich at 
the center of the flame and fuel-rich on both Sides for the PAT Injector. 
The poor miXing is due to the long unlike Impingement height resulting from 
small Impingement angle. The Splash Plate fuel element produces very fine 
droplets which evaporate fast. Consequently, by the time the oxidizer and 
fuel are mixed, there IS only a small amount of unvap0rlzed fuel left. Based 
on the liquid phase carbon formation mechanism, only a little carbon 
formation can be expected. Figures 35 and 39 uphold this conclusion. 
Figure 47 shows a typical PAT flame. 
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VII CONCLUSIONS AND RECOMMENDATIONS 
A. Conclusions 
Correlation of cold flow mixing data and calculated local fuel 
vaporization rates with photographic carbon formation data has led to the 
following conclusion in regard to the injector-related issues of carbon 
formation. 
1. For all four injectors and two fuels, the carbon formation was 
reduced or increased when the fuel vaporization rate was increased or 
decreased. 
2. For the TLOL injector, RP-l formed much more carbon than 
propane due to the slower RP-l vaporization rate. 
3. The carbon formation originates from the areas predicted to 
be fuel-rich in liquid phase. 
4. At a given fuel vaporization rate, early and uniform unlike 
mixing is conducive to carbon formation as evidenced by the EDM-LOL data. 
5. The above correlation results lead to a conclusion that the 
carbon IS formed by the liquid fuel as it IS vaporizing in an oxidizer-lean 
environment. 
6. Based on the liquid fuel carbon formation mechanism, the 
following Injector design criteria are provided for controlling the carbon 
formation to meet engine design and operation requirements: 
o Carbon formation can be Increased or decreased by 
decreaSing or increasmg the fuel vaporizatIOn rate, whose primary 
controlling design parameters are Injection orifice Size, impingement angle, 
fuel temperature, and chamber pressure. IIlgh vaporization rate can result 
from small injectIOn orifice, large Impingement angle, high fuel temperature 






o For the slow vaporization injection elements,delaying the 
unlike mixing reduces carbon formation. 
o Besides its effect on the vaporization rate, chamber 
pressure has an additional influence on carbon formation. High chamber 
pressure reduces carbon formation. 
B. Recommendations 
The following recommendations are made for future studies as a 
logical extension to the present work. 
1. The cold-flow testing and vaporization analysis of the present 
study were conducted only at one mixture (or momentum) ratio for each 
inJector. For a given Injector design, the propellant mixing IS strongly 
affected by the momentum ratio. Since the propellant mixing was found to 
be very influential on carbon formation, further cold-flow testing and 
vaporization analysis should be pursued to analytically evaluate the mixture 
ratio effect on carbon formation. 
2. The present study was limited to uni-element injectors, which 
inherently possess large amount of hot gases recirculating In the combustion 
chamber. In order to have closer simulation of full scale engine combustion 
environment, further investigations using multi-element injectors are 
recommended. 
3. The vaporization analysIs of the present study included the 
effect of propellant mixing characteristics. This approach of integrating the 
mixing data into the propellant vaporization analysis was found to be 
practical In usage and realistic in modeling; yet, the computation was simple 
and straight forward. An engine combustion performance model can be 
readily developed uSing the present model as a frame work. Such a model IS 
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B. INJECTOR COLD-FLOW DATA SUMMARY 
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Injector: OFO TRIPLET 
Axial Distance: 1.27 Clll (0.51<) 
J = 1 2 
































- J .- J 
10 
o Oxidizer Hole Projection 
<> Fuel Hole Pro i cctiol1 




J - 1 
Injector: OFO TRIPLET 
Axial Distance: 2.54 Cr.1 (1") 
J = 1 2 










_ "I - J 




00 18.527 2.129 
.0333 .0646 .0582 







J 1 -1 







" 1.915 5.898 1~6. 374 7.622 0 
.1893 .2401 .OG56 .0044 0 
.2342 .0964 .0023 .0014 .0019 
9.755 13.498 32. 551't 00 
.0397 .0785 .0379 .0040 





o Oxidizer Hole Projection 





Injector: OFO Triplet 
Axial Distance: 3.31 CPl (loS') 
J = 1 2 3 
I = 0 
1 
2 
.0496 1.401 1.501 
.00C5 .0076 .0059 
.0022 .0023 .0076 3 
24.879 12.779 .611 
.0516 .0308 .0220 
.0041 .0213 .0708 4 
.794 .397 6.511 
.0015 .0009 .0036 
.0033 .0044 .0056 5 
.079 .794 .1637 
6 .0001 .0010 .0093 
.0027 .0025 .0109 
.041 .937 .274 
.0001 .0022 .0055 7 
.0053 .00il6 .039:) 
0 0 






























-'"' 16.939 2.250 I !J. 528 
.0035 .0934 .0198 
.0004 .0817 .0041 
~.889 6.443 23.584 
.1285 .1560 .0989 
.0517 .0477 .0068 
7.146 9.346 25.403 
.0297 .0341 .0176 


















o Oxidizer lIo1e Projection 
<> Fuel Hole Projection 
. - , 
~ -~ 
- " 
Inj ector: EDt'1-LOL 
J\xia1 Distance: 1.27 CPl (0.5") 
J = 1 2 3 4 5 
I = 0 
1 
0 0 l.059 7.940 
2 0 0 .0012 .00G3 
.0060 .0011 .0024 .0023 
.794 8.951 




.011 .21 4 
0 .977 2.000 
0 .0071 .15~O 
.0023 .015 .153 
5 
2.647 3.363 















~O .0027 :t. 2 .0079 
1.701 1.290 
~99 .0115 























I' I' J, 
o Oxidizer ~:ole Projection 







Axial Distance: 2.5Ll CI'1 (111) 
J = 1 2 
























































_ 1 -1 - 1 -1 -) -l 
5 6 7 8 9 10 
3.970 3.239 .471 0 
.0038 .0024 .0007 0 
.0017 .0014 .0026 .0021 
20.64 6.352 1.412 
.0109 .0067 .0013 
.0010 .0019 .0017 
98.46 12.175 1.036 
.026 .0097 .0013 
.0005 .0015 .0022 
6.268 1.720 .353 a 
.063 .022 .0017 0 
.018 .023 .0087 .0010 
1.405 1.006 .489 .294 
• 193<b .~o .0067 .0004 
.252 . 6 .0252 .0026 
2.117 2.498 1.450 .467 
.113 0 ~99 .013 .0003 
.073 . 73 .022 .0032 
3.176 4.053 3.298 1.966 
.0050 .019 .023 .0022 
.0029 .0037 .013 .0020 
1.588 6.352 2.925 
.0004 .0lD .0029 
.0005 .0029 .0018 
a 6.9S7 5.823 0 
0 .0OlS .0023 0 




o Cxidizcr hole Projection 
o Fuel Hole Projection 
J 1 1 - 1 - 1 
Injector: EDM-LOL 
Axial Distance: 3.:31 cn (1.5") 
J = 1 2 3 4 
I = 0 
0 .706 9.074 
0 .0011 .0022 
.0017 .0027 .0004 
0 .127 .529 7.146 
1 0 .0002 .0016 .0049 
.0007 .0030 .0055 .0012 
.155 .567 2.38 
.0004 .0027 .0081 
.0025 .0085 .0061 2 
a .065 .418 1.489 
a .0001 .0027 .0162 
.0009 .0030 .0097 .0195 3 
u .113 .6tH 1.344 
0 .0003 .0049 .030 
.0015 .0040 .0128 .040 4 
0 .218 1. 191 2.077 
0 .0005 .0081 .046 
.0018 .0044 .0122 .040 
5 
0 .529 2.250 3.535 
0 .0008 .0092 .037 
.0012 .0027 .0073 .019 6 
1.323 3.630 5.293 
7 .0013 .0086 .0108 
.0018 .0043 .0036 
1.985 5.558 2.117 
8 .0013 .0038 .0011 
.0012 .0012 .0009 
2.117 3.000 
.0011 .0009 
.0009 .0005 9 
-I J 
5 6 7 
00 00 00 
.0036 .0040 .0023 
0 0 0 
47.64 00 00 
.0081 .0080 .0038 
.0003 0 0 
47.64 41.29 5.293 
.0162 .0140 .0054 
.0006 .0006 .0018 
3.176 2.454 3.032 
.0324 .0275 .0113 
.0182 .0201 .0067 
1.355 I.U23 .728 
.078 .078 .030 
.1030 .'P.37 .073 
2.382 2.098 1.755 
.097 .0998 .057 
.073 <> <:085 .058 
4.764 3.494 3.403 
.041 .030 .041 
.015 .015 .021 
4.764 5.029 4.764 
.0049 .0021 .0081 































































o Oxidizer Hole Projection 
<> Fuel Hole Projection 
1 - I . 1 
Injector: EDM-LOL 
Axial Distance: 5J)8 cn (2") 
J = 1 2 3 4 5 6 7 8 9 - 10 
0 .299 .681 22.23 31.76 <Xl <Xl 4.963 1.254 0 
1=0 0 .0007 .0016 .0038 .0055 .0055 .0033 .0014 .0008 0 
.0020 .0040 .0041 .0003 .0003 0 0 .0005 .0011 .0009 
.079 .430 1.011 6.352 26.99 25.41 14.29 1.588 .316 0 
1 .0001 .0013 .0038 .0065 .0093 .0087 .0049 .0022 .0007 0 
.0023 .0049 .0064 .0017 .0006 .0006 .0006 .0023 .0022 .0014 
.596 1. 121 2.329 5.082 3.441 1.290 .561 .265 0 
.0016 .0065 .0120 .017 .014 .0071 .0033 .0008 0 
.0052 .0099 .0087 .0058 .0070 .0093 .0099 .0052 .0021 2 
.176 .433 1.036 1.512 1.475 1.087 .761 .492 .280 .108 
.0003 .0016 .0082 .022 .035 .035 .019 .0071 .0016 .0002 
.0026 .0064 .0075 .024 .041 .052 .042 .042 .0099 .0034 3 
.223 .489 1.198 1.720 1.664 1.248 1.011 .749 .505 .190 
.0004 .0022 .012 .035 .060 0 .Q90 .038 .014 .0038 .0004 
.0033 .0075 .017 .035 .061 .081 .064 .031 .013 .0039 
4 
.237 .983 1.985 2.495 2.729 2.382 1.896 1.152 .970 .454 
.0004 .0035 .016 .042 .060 .057 .044 .020 .0060 .0011 
.0027 .0061 .014 .028 .0370 1'-041 .039 .024 .0104 .0041 
5 
.741 1.390 2.779 3.557 3.590 3.427 3.176 2.529 1.800 .907 
6 .0008 .0038 .015 .031 .028 .022 .025 .023 .0093 .0022 
.0017 .0046 .0093 .0145 .013 .011 .013 .016 .0087 .0041 
1.323 2.382 7.543 3.772 4.764 4.083 3.176 3.609 2.779 1.588 
.0011 .0043 .010 .010 .0065 .0039 .0055 .0136 .011 .0027 7 
.0014 .0030 .023 .0046 .0023 .0016 .0029 .0064 .0070 .0029 
1.429 2.558 2.226 2.802 1.588 1.815 3.348 3.630 2.779 
8 .0010 .0038 .0038 .0016 .0005 .0004 .0043 .0087 .0038 
.0012 .0021 .0018 .0010 .0006 .0004 .0021 .0041 .0023 
1.286 3.176 2.823 1.600 4.764 3.740 
.0009 .0015 .0009 .0004 .0043 .0040 
.0012 .0008 .0005 .0003 .0016 .0018 9 
o Oxidizer I'ole Projection 






Axial Distance: 1.27 CI'l (0.5/1) 
J = 1 2 3 







co co co 
.0009 .0040 .012 























5 6 7 8 9 10 
0 0 0 
0 0 0 
.044 < ~.032 .0009 
3.606 2.084 co 00 4.764 co 
.327 .141 .022 .0042 .0020 .0020 
.201 .150 0 0 .0009 0 
1.832 1.755 57.17 63.52 30.17 31.76 
.202 .141 .024 .0054 .0026 .0027 
.244 .178 .0009 .0002 .0002 .00C2 
.347 <;P.378 6.881 1.588 
.0094 .0067 .0017 .0003 
.060 .Og9 .0006 .0004 
.983 0 0 
.0017 0 0 
.00.39 .0024 .0004 
. 
o Oxidizer ~:ole Pro.lection 
o Fuel ~:ole Projection 
1 1 
Injector: PAT 
Axial Distance: 2.St cn (1") 
J = 1 2 3 4 5 6 7 8 9 10 
I =0 
1 
0 0 0 
0 0 a 
.0134 .0209 .0078 2 
co h.588 .658 .722 34.14 28.58 co 
.0083 .035 .024 .0069 .0059 .0025 .0003 
a .0453 < 1).0744 .0118 .0004 .0002 0 3 
co 27.79 co 14.29 1.926 12.17 1.516- co co 00 
4 .0010 .0048 .0091 .037 .204 .318 .087 .021 .0083 .0021 
. 0 .0004 0 .00 .0054 .236 . 161 0 0 0 
19.06 00 co 19.06 1.588 1.642 1.732 150.9 00 00 
5 .0017 .0051 .013 .0249 .040 .084 .033 .013 .0064 .0018 
.0002 a 0 .0027 .0526 .107 .040 .0002 0 a 
00 co 2.117 0 <~ 0 a 0 0 
6 .0007 .0011 .0006 0 0 a 0 0 







o Oxidizer Hole Projection 































1 - 1 
en (1.5 11 ) 







5.445 .889 1.732 
.0044 .026 .044 
.0015 .024 .048 
ClO 16.67 2.300 1.971 
.0046 .019 .077 .197 
0 .0022 .063 .190 
ClO 15.88 2.199 1.974 
.0098 .018 .033 .084 
0 .0022 .028 .081 
ClO 1.429 .855 .425 
.0036 .0033 .0026 .0055 
























































o 0xidizer Hole Projection 




Axial Distance: 5.0G Cr.1 (2") 
J - 1 2 3 4 5 6 7 8 9 10 
I = a 0 0 0 0 0 0 
.0016 .0032 .0012 
0 0 0 0 
1 0 0 0 0 
.0023 .0046 .0056 .0028 
1.475 1.207 h.134 .575 .265 .706 3.705 
2 .0028 .0081 .0106 .0053 .0013 .0017 .0015 
.0032 .0116 .016 .016 .0083 .0042 .0007 
4.764 7.940 1.764 h.684 1.390 .866 1.583 14.29 CX) 
.0013 .0106 .043 .074 .060 .0255 .013 .0057 .0021 
.0005 .0023 .042 .076 ~.051 .051 .014 .0007 0 
3 
CX) CX) 15.88 2.382 h.768 2.779 1.191 2.722 15.88 CX) 
I- 0021 .0070 .021 .057 .125 .149 .083 .026 .0106 .0034 
0 0 .0023 .042 .123 .093 .120 .016 .0012 0 4 
CX) CX) 9.528 1.672 ~.629 2.303 1.257 1.710 4.446 CX) 
5 ~0043 .0089 .013 .0213 .043 .062 .040 .015 .0060 .0017 
0 0 .0023 .022 ~045 .046 .056 .015 .0023 0 
CX) CX) 7.940 .681 893 1>.864 .676 1.038 15.88 CX) 
6 0021 .0028 .0032 .0026 0057 .0079 .0043 .0036 .0021 .0015 
0 0 .0007 .0065 0111 .016 .013 .0060 .0002 0 
0 0 0 0 
7 0 0 0 0 
0042 .0053 .0039 .0016 
0 0 




o Oxidizer IIo1e Projection 




-1 -I -j 1 
Injector: T-LOL 
Axial Distance: 1. 27 ell (G. 5") 
J = 1 2 3 










































~4.94 25.94 .529 
.023 .010 .0002 
.0017 .0010 .0010 
~7 .17 25.81 1.588 
.190 .137 .0011 
.008fP ~14 .0017 
1.380<> ~787 1.059 
.237 • 87 .0008 
.445 .266 .0021 
.440 1.089 6.108 
.019 .051 .0053 
.112 .120 .0022 
1.003 1.444 8.258 
.0025 .0042 .0055 






o Oxidizer Hole Projection 









Axial Distance: 2.54 cn (1") 




























.0046 .054 0 
.0013 .018 
5.029 ~.489 














-} 1 -1 -I 




00 00 00 
.0046 .0029 .0006 
0 0 0 
00 25.41 1.815 
.050 .0092 .0009 
0 .0008 .0012 
27.79 5.955 .397 
~~62 .017 .0002 
• 13 .0049 .00l3 
1.538 3.298 .318 
~48 .031 .0002 
.365 .021 .0016 
.962 4.870 2.779 
.096 .053 .0024 
.225 .025 .0020 
.095 2.671 2.911 
.0007 .021 .0051 
.016 .018 .0039 
0 1.701 4.446 
0 .0035 .0049 
.0038 .0046 .0025 
0 0 0 
0 0 0 
.0008 .0008 .0008 
. 
o Oxidizer Hole Projection 
o Fuel lIole Pro.iection 
-I - -] 1 -] 
Injector: T-LOL 
Axial Distance: 3.01 Cr.1 (1. 511 ) 
J = 1 2 3 4 5 
~.537 
I = 0 .0023 
.0011 
3.705 31.76 co 
1 - .0008 .0023 .0041 
.0005 .0002 0 
11. 645 21.04 co 
2 .0026 .0062 .015 
.0003 .0037 0 
3.705 8.999 ?1.84 
3 .0008 .0079 .032 
.0005 .0028 .0031 
0 2.565 3.176 
0 .0049 .037 0 
.0008 .0041 .025 4 
2.481 .358 <) 
.0058 .062 5 
.0050 .097 
3.006 ~ .477 
.0062 .046 6 
.0044 .067 
1.951 .732 
7 .0050 .014 
.0055 .017 
1.985 .934 
8 .0035 .0023 
.0037 0050 
2.117 0 












































































-I 1 -] 
10 
o Oxidizer Hole Projection 
<) Fuel Hole Projection 
- 1 1 -I 
Injector: T-LOL 
Axial Distance: 5.03 cn (2") 
J = 1 2 3 4 5 
CD CD 
1=0 .0017 0017 
0 0 
CD CD CD 
1 .0017 .0039 0069 
0 0 0 
26.99 17.47 co 
.0029 .0094 022 
.0002 .0010 0 2 
3.176 5.325 ~2.76 
3 .0017 .0098 037 
.0010 .0035 0031 
0 1.723 ~.176 
0 .0088 045 0 
.0012 .0097 027 
4 
.662 1.832 993 
.0009 .013 069 <> 
.0025 .014 133 5 
.706 1.815 989 
6 
.0007 .014 065 
.0019 .015 127 
.529 2.077 .191 
7 
.0007 .012 021 
.0029 .011 033 
.159 1.732 675 
8 
.0003 .0062 0029 
.0041 .0068 0083 
.681 1.059 0993 
9 .0010 .0017 0002 

















































































1 - I - -I 
10 
. 
o Oxidizer Hole Projection 
<> Fuel lIole Pro,iection 
I' 
C. VAPORIZATION Cor~PUTATION FLOWCHART 















EVF2 = 100 
YES 





~PORIZATION HIO r,AS 1 TEMPERATURE CORRECTION 
EV02 = 100 
TG2 = TG (l-l.J01) 
EVF2-LGFl 
EVOl = 100 
EVF2 = 100 
T'>2 = TG (I -, ,J 1 ) 
VAPORIZATION WID GAS t TEMPERATURE CORRECTION 
__ ---L __ ________ _ 
470 
1 VAPORIZATION ITERATION --
NO 
----TH1PERATURE CORRECTION 
TGl = TG2 
EVl = EV2 
NCOUNT = NCOUNT+l 
C-2 
900 













EV (I,J) = EV (I-l,J1) 
LG (l,J) = LG (l-l,Jl) 
TG (l,J) = TG (J-l,Jl) 
UEL ONLY OX ONLY 
TG(l,J)=TG(I-l,JF1) TG(l,J)=TG(l-l,J01) 
~1RL (I,J) = 0 HRL (I,J) = 999 
I1RV(I,J)=888 (8) MRV(I,J)=888 
tlO 
515 
EV (I ,J) = 0 
LG (l,J) = 0 
TG (I,J) = 0 
520 UEL O~LY 
G(I,J) = TSF 
RL (I,J) = 0 
RV (I,J) = 888 
OX O'lLY 
TG(I ,J: = TS~ 
MRL (I, _; = 999 
HRV (I,:) = 588 
1 
1 
123456789012345678901234567890123456789012345678901234567890123456789012345678901234567890123456789012345678901234567890***SEQ NO 01 






































































3,14/82 07 53 20 
5/14/82 07 57 53 

































FORTRAN V: ISO VERSION 4.9S-08/30/82-14:33:25 (26,) 
"AI'4 PROGIUM 
STORAGE USED: CODE (1) 002174; DATA(O) 010770; BLANK COMMON(2) 000000 












STO'UGE ASSIGN"ENT (alOCK. TYPE. RELATIVE lOCATION. ~AHE) 
n 0001 000310 100L 0000 010324 1000F 0000 010325 1010F 0001 000317 11 Ol 0001 000325 120l 
I COOl 00033S UOL 0001 000032 135G 0001 000034 140G 00!!1 000344 1'I0l 0001 000353 150l (J'1 
'JODI 0OO3!.1 160L 'JODI 000612 170L 0001 000617 175l 0001 000£'30 180L 0001 000637 1liSL 
: COl 0::'%47 19)L 0001 oa0052 20L 0000 :ll(1331 2000F oooe 01034S 2!l10F 0000 C1(1365 2:l20F 
3000 010 367 203 OF 0000 01(1373 201f OF 0000 010'110 2050F 0000 010432 2060F 0000 0101f54 207(oF 
0000 010461 20eOF 0000 01046b 209 OF 0000 010504 2100F 0000 010S1£, 2200F 0000 010522 2210 F 
0000 010524 222CF 0000 CIC537 2230F 0000 010545 2240F 0000 010S53 2250F 0000 010560 22&OF 
Or.OO 010565 2270F 0000 010572 2?SOF 0000 010577 2:300 F 0001 00020S 231G DODO 01060!J 2310F 
0000 010612 2320F COOO 01062(1 2330F 00(10 010631 ?340F 0000 01061f2 2350F ooon 010653 2360F 
:l000 C106&1f 237CF COOO 010&75 2380F 0001 000223 21f1G 0001 (l0!!2&4 2&2G COOl 0002&!J 265G 
0001 000076 30L 0001 00077& 300l 0001 001021 310L 0001 0010411 320l 0001 000577 :330G 
0001 0010!>1f 330l 0001 001066 3/tOL 0001 001106 350l 0001 000!>55 353G 0001 0!!0675 356G 
0001 001110 360l GOO1 001122 365l o OCI 0011'12 3!>SL 0001 0011&6 :HOL 0001 001171 3BOL 
0001 0:l1174 3'lOL 0001 000254 40L 0001 00117€. 400L 0001 001255 410L ():1~1 OO13C3 42(ol 
0001 001315 425L OCOI OC1335 42bL 0001 001361 430L 0001 0013&4 44 ()L ~OOI 0Ol~1;6 450l 
0001 001410 4br.L 0001 001422 470L 0001 001443 472L 0001 001445 473L 00C1 0011f57 474L 
0001 001504 47SL 0001 !!O 1511 480L 0001 001512 485L 0001 001537 'I9Cl 0001 001541 495l 
0001 00l5H 510L 0001 001550 515L 0001 001603 520l 0001 001611 5/tOl :l001 001&63 550l 
0001 001673 600l 0001 001705 653G 0001 001730 665G 0001 001770 702G (It'D} 002003 710G 
0001 001741 71 OL 0001 002016 716G 0001 002031 724G 0001 002044 732G 0001 002057 740G 
0001 002072 746G 0001 002103 SID l 0001 0021114 820l 0001 002125 830L 0001 002136 840L 
0001 002147 850L 0001 0021&0 S&OL 0001 002170 'JOOl 0000 R 010214 CR 0000 R 010227 CVF 
0000 R 010226 CVO 0000 R 003114 OLCF 0000 R 002440 OLCO 0000 R 002375 EV 0000 R 006524 EVF 
0000 p 010240 EVf 1 0000 R 010234 (VF 2 0000 Q 006050 (Va 00 a 0 R 010237 EVOI OOOC R 010233 EV02 
0000 R 010224 MVF ~ CO a P 010222 HVO 0000 I 010220 1 000 a I 010204 10F onoo 1 010203 100 
0000 010250 INPUT 0000 I 01023b I S I TOK 0000 J 010221 .1 0000 004244 JF C (lOOO 010232 .1"i 
:!~o~ 01 il24 5 .1J :;1100 I 010244 JJJ 0000 1 003~70 .100 0000 010231 J01 CcCO 010;:46 .11 
GOO~ 010247 J2 OCOO I 010230 K C 0 r'~ " 0(10002 LG O(\~:l R 0005?\ LGF ""!.1f' R OO:?~7:' L Sf 1 
COOO R 00004~ LGG 000 a R 002371 LG01 0000 R 00;:>326 MR 0000 
" 
00232"'- MR .1 (I G Q ~ 
" 
00H,51 Mill 
0000 R 001175 MRV 0000 k 002373 MflV! 0000 R 0023H MRV 2 0000 R 000001 MIoiF 0000 R 000000 /,,110 
0000 I 010242 NCOUNT 0000 I 010217 NPLANE 0000 R 010213 PC 0000 R 010210 R~F 0000 R 010207 Rilla 




0000 R 007527 TG 0000 R 010241 1 TGI 0000 R 010235 TG2 0000 R 007411 .. TITLEI 0000 R 00741110 Tl TLE2 
0000 R 010205 TO 0000 R 007200 TPI00 0000 R 0072'13 TPI000 0000 R 007306 TRIOO 0000 R 007351 TRlODO 
0000 R 010216 T!>f 0000 R 010215 TSO 0000 R 010212 Vf 0000 R 010211 VO () 000 R 00537'+ XCf 
0000 R 00n20 XCO 
00101 1* 
00101 2* C DECLARATION 
COI01 3* 
00101 4* REAL HWO.HWf.LG.LGO.LGF.HRV.HRL.HRJ.HR.LG01.LGFl.HRV1.HRV2 
00103 S' DIHt:NSION LG(35).EV(35).DLCO(3.100).DLCF(3.100),JOO(3.100). 000001 
00103 6* 1 JFO(3.100).XCO(3,lOO),XCF(3.100"HRV(3.100),HRL(3.100', 000001 
00103 7* 2 LGO(3.100,.LGF(3,100"EVO(3,100,.EVF(3.100,.HR(35', 000001 
~O103 B* 3 TPI00(35),TPI000(35),TRI00(35'.TRI000(35'.TITLEl(20). 000001 
CDIO.3 9' 4 TITLE2(20,.T(35).TG(3.100' 000001 
J1104 10' \lAMELIST II~PUT/IDO,IDF.TD.TF.R~O,R~F.VO.VF,PC.:~.TS3.TSF. 000001 
:~10~ 11' 1 I'RJ."JFLANE ~'10001 
: I) 1 ~ S 12· :lA TA LGIO.01.C.02.0.04,O.06.0.1.0.2.0.4.0.6,O.8.1.0.1.5.2.0, (·00001 
C OlOS 13· 1 3.0 .... 0.5.0.6.0.7.0.A.0.9.0.10.0.13.0,lS.0,17.C. ~OOOOI 
03105 14. 2 20.0.25.0,30.0.35.0,40.0.45.0.50.0.60.0.70.0.80.0,90.0. 000001 
~ ODS IS - 3 100.01 000001 
GoI07 16' DATA EV/0.083.0.31,O.91,l.61.3.10.6.5,12.?17.3,21.B,25.9,34.2. OCOOOI 
n eOl07 17* 1 "1.5,52.2.60.0,66.0,70.5,74.5,77.B,80.5,82.7,B7.8,90.2. 000001 
I 00107 In- 2 92.0.94.0,96.2.97.6.98.5,99.1.~9.4.99.6.99.82.99.92. 000001 0'\ 
J0107 13· 3 39.96,99.98.99.991 000001 
~ ~ 111 20· DATA MR/C.l.0.2.0.4.0.6.0.8.1.0.1.2.l.4.1.6.1.8.2.0.2.2.2.4. caOOOl 
D Jill 21· 1 2.6.2.b.3.0.3.2.3 .... 3.6.3.8.4.0.4.5,5.0.5.5.6.0.7.0,F.O. ~~OOOl 
a 0 III 22* 2 9.0.10.0,15.0,20.0.30.0.40.0.50.0.100.01 :JOOOOI 
~ 0113 23- nATA TPI00/1421.0.1618.0.1A44.0,1992.0.2125.0.2280.0.2712.0. COOOOI 
J 0 113 24- 1 35e7.0.4336.0,4922.0,S347.0.5632.0.S906.0.5905.0, 000001 
00113 2S- 2 5959.0,59R ... 0.5990.0.5Q86.0.597 ... 0.5956.0.5936.0. 000001 
30113 U,- 3 5873.0,5ROl.0.5725.0.5646.0.5~82.0,5313.0.5137.0. 000001 
~ 0113 27- 'I 4957.0.4026.0,3257.0.2311.0.177".0.1'+25.0.638.01 oeD COl 
0011S 28- DATA TPI0GO/155l.0,18l7.0,2109.0,22B9.0.2438.0,2586.0.2A38.O. 000001 
J 0 115 29- 1 3590.0,4364.0.5027.0,5555.0.597 ... 0.5254.0,6429.0. 000001 
~0115 30' 2 6526.0.6575.0.65Q1.0,65B9.0.6~75.0.6551.O,6521.0, [j 0 Ce.O 1 
J Jl15 31· 3 6~33.0,6330.0,6220.0.6109.0,5e76.C.5637.O.5390.C. COOOOI 
00115 32- 4 5155.0.4055.0.3261.0.2311.0.1774.0.1 .. 25.0.673.01 000001 
a il117 33- OATA TRI00/1517.0.1708.0,1934.0.2102.0.2291.a,25&4.0.3090.0. 000001 
:10117 34· 1 4024.0,4769.0,5304.0.S651.0,5857.0.59&5.0.6019.0. 000001 
00117 35' 2 6040.0.604~.O,6037.0,6020.0,6001.0.5975.0,5950.0, ('00001 
00117 36' 3 5876.0,5797.0,5714.0,5630.0.5455.0.5275.0,5088.0. 000001 
00117 37- 4 4894.0,3Q09.0.3133.0.2204.0.1684.0,1348.0.592.01 000001 
00121 3S- DATA TRI000/1612.0.1929.0,2213.0,240".0.2584.0,2791.0.3131.O. 000001 
~n21 19' 1 4037.0.48~5.0.5498.0.5988.0.6314.0.6506.0,6607.0. 000001 
:0121 40- 2 6652.0.6665.0.6658.0.6638.0,6611.0.6577.0,6541.0. £1'0001 
Q0121 41· .3 6436.0.6325.0,620~.C.6087.0.583q.C.5587.0.5329.0, 000001 
an2l 42' 'I 5074.0,3929.0.3135.0.2204.0.168 ... 0.1348.0.633.01 000001 
00123 43' 000001 
~()123 4~. C JI~P J T ;)A T A 000001 
00123 4S· .,r:10(\1 
00123 46- RrAD(5.1000' (TITLEICII.1=1,201 000001 
J0126 47- READ(5,1000' (TITLE2(II,1=1.201 000011 
00131 48* REAJt5.1\lPUf) 000021 


























n 002"5 ~ :)324~ 
C0256 
J3n1 





















) ~ 30" 
~"305 





































































20 REAOC5.1010.END=30J I.J.XCOCI.J).OLCOCI,J).JOOCI.JJ. 
1 XCFCI.J).OLCFCI.J).JFOCI.J) 










:>0 40 I=l.NPLANE 
~'lITE C6.<'ObO) I 
WI\ITE (6.2090) 
00 '10 J=I.100 
IFCKCOCI.J) .LE. 0.0 .AND. XCFCI.J' .LE. 0) GO TJ '10 
WRITE(6.2100) J.xCOCI.J).DLCOCI.J).JOOCI.J).XCFCI.J).DLCFCI.JJ. 
1 JFO(I.J) 
"0 CONTI NUE 
C It.lTIALlZATlOr. 
DO 50 I=I."'PL~NE 








~O CO"lT 1 WE 
C PROPELLANT PROPERTY ASSIGNMENT 
GO TO CI00.110).100 




G:: TO I;> C 
IIC ~~IT[(&.23CO) 
GO TO 900 
120 GO TO (130.140.150).lDF 
















































































































































































GO TO 160 




GO TO 160 
150 IIRITEC6,2.310) 
GO TO 900 
C * LG COEFFICIENT 
1bO CVO=CCPC/.300.0)**0.66/CR**0.44)/CC1.0-TO/TCO)'-0.4'CHV0/140.0) 
1 '_0.8_C~WO/I00.0)"O.35'CRMO/0.003)*·1.45·CVO/100.ul-*0.75) 
:VF=IIPC/~OO.O) •• O.6&/CR •• O.44)/CC1.0-TF/TCF) •• 0.4.(~VF/140.0) 
1 .*0.S.(~JF/IOO.0)*-O.~5·CR~F/0.JO~)·-1.45·CVF/IOO.0)··3.75) 
C * TEMPERATURE INTERPOLATION 
DO 190 K=l,35 
IFCIDO .~E. 1) GO TO 110 
GO TO (170,lBO.1501,IDF 
17Q IFCPC .LT. 1000.0) GO TO 175 
TCK,=TP1000(K) 
GO TQ 190 
17~ T(~)=TP100(K)+CCPC-100.0)/C1000.0-100.0»-CTP1000«)-TP100C<» 
GO TO 190 
180 IFepc .LT. 1000.0) GO TO 185 
TCIO=TRI000CK) 
GO TO 190 
185 TCK)=TRI00eK)+(PC-100.0)/(1000.0-100.0»*CTRIOOOeK)-TR100CK» 
190 CONTINUE 
C VAPORIZATION CALCULATION 
DO 600 I=l,~PLA~E 
DO 500 J=1.100 
J01=JOOeI.J) 
JF1=JFOCI.J) 
IFexcoeI.J) .LE. 0.0 .OR. XCF(I.J) .LE. 0.0) GO TO 510 




•• FIRST THIAL CRASfD ON LC AND ~OT TG CORRECTED) 
••• FIRST PLANE LG 
LG01=CVO*OlCOCI,J) 
LGF1=CVF'DlCFCI,J) 
IF(I .EO. 1) GO TO 320 


























































ilOo370 1&'+* 0007031 
000370 165* lG01=lG01 4lGOcI-1,J01) 000731 
000371 1&&* lGF1=LGF14LGFCI-1,JF1) 0007033 
00372 167- IFCEVO(J-l.JOU .LT. 100.0 .AND. EVF(l-l,JFU .LT. 100) GO TO 320 000735 
003H 1&8* IFCEYOCI-ltJOl) .IT. 100.01 GO TO 300 000753 
:1037& l&~- IFCEYFC I-l.JF 11 .LT. 100.0) GO TO 310 000757 
00'100 170* EY02=100.0 000763 
00'+01 171 * EVF2=100.0 000765 
QO,+02 172* "RY2=888.0 00076& 
00'103 173* TG2=CTGCI-1.J011+TGCI-l,JF11)/2.0 000770 
COIIOII 17'+· GO TO HO 000714 
:10405 175- 300 TG2=TGCI-1,JF11 1)0077& 
001106 176* EYF2=100.0 001002 
00407 177* CAll SINTPCLG(1),EVC11.35,lG01.EV02,ISITOKI 001004 
DOHD 17S· IFCIStTOI( .L T. 01 GO TO 810 001014 
00412 17~* GO TO HO 001017 
00'113 lAO* 310 TG2=TGCI-l.JOl) 001021 
!) 0" 111 If 1- EVC2=100.0 on 025 
) 041:' 1M2- :ALL SINTPILG(1),[VI1).~5,LGF1.EVF2.ISITor) 001027 
J(j41!) 1"13· l~(JStTOO( .... T • 0) GO TO '120 ()01037 
(J0420 lb4· GO TO 470 ::>\11:;42 
J0421 11>5· 0010411 
':0421 IA!)- C * *- VAPORIZATION Q:lIC"4 
~0'+21 1!!7- 0010'+4 
00421 18!!- 320 IFILG01 .GT. 100.0) GO TO 330 00104'+ 
:-> :10423 1!!3· CAll SINTPCLGll).EVC1).35.LG01.EVOI,ISITOK) Otll047 
I 00424 190· IFClSlTOI( .L T. 01 GO TO 810 (H'1 !l57 c (10426 191- GO TO 340 :JelC62 
)0427 192· 330 EVOl:100.0 !lD1064 
~!l43:J 173' ~CfC IFILGFI .GT. 100.0) GO TO 350 COI0H 
00432 1~4- :ALL SINTPILG(1),EVCII.35.LGFI,EVFl.ISITOK) ~Cl(l71 
)0'+33 195· IF(lSITOI( .L T • 0) GO TO 820 001101 
:;043:' 19!)- GO TO 360 001104 
C043!> 197- 3~() EYFl=lOO.O C01106 
: 0437 19S· 360 IF CI .GT. 11 GO TO 365 C01110 
!l04'1l 199- ~~Vl=MRJ-IXCOII.J)/XCFCI.J»*CEY01/EVF11 001111 
~04112 200- GO TO 368 001120 
() 0443 2tll- 365 ~RV1=MRJ*CXCOII.J)/XCFCI.JI)*CCEYOI-EVOCI-1.J011)1 001122 
~04q3 202- 1 CEVFI-EVFII-1.JF11» 001122 
J~444 203* 36i' IFC,,\~Vl .GE. I'RC3511 GO TO 370 OC114~ 
O(J446 :>04· IFC~~VI .LE. lOR C 1) ) GO TO 3AO 'Jr1] 45 
00450 205- CALL ~INTPCMRCl).T(1).35.~RVl,TG1.ISITOK) oel151 
00451 206- IFCISITOK .L T • 0) GO TO 830 001161 
J 0453 207- GO TO 390 00116'1 
)045'1 208- 370 TGl=TSO 001166 
00455 209· GO TO 510 001167 
00456 210* :380 TG1=TSF 001171 
:;0457 211· GO TO 510 ()01172 
)!)4 SO 212' 390 'lCOJ'H=l 0()1174 
J04S1 213· 001176 
a 04 (, 1 214- C -. SECONO TRIAL (BASED ON TG) C[l11 H 
\)0461 215- 001176 
[ 04 b I 21t..· 4 a a I F II .E r .. ]) GO TO 41 C rCIIH. 
( 04 S3 ;>17· ~01177 
)04S3 2113· C _. SECONO OR lHIRD PLANE [V 001177 
004!J3 21~· 001177 





















































































































IFlEV02 .LT. 0.083) GO TO 540 
IFlEY02 .GT. 100.0) EV02=100.0 
EVF2=CITGl+TGII-l.JFl)-2.0'TSF)/CCSOOO.0-TSF)*2.0» 
1 *1[VFI-EVFCI-l.JFl»+EVFCI-l.JFl) 
IFI[VF2 .LT. 0.083) GO TO S40 
IFC[VF2 .GT. 100.C) EVF2=100.0 
GO TO 420 
c * •• FIRST PLANE [V 
410 EV02=CCTGI-TSO)/C5000.0-TSO»o[VOl 
EVF2=CITGI-TSF)/CSOOO.0-TSF»oEVFl 
IFCEV02 .LT. 0.083 .OR. EVF2 .LT. 0.083) GO TO 515 
c *** MRV2 AND TG2 
420 IFCI .GT. 1) GO TO 425 
~~V2=~RJ'CXCOCI.J)/XCFCI.J)·CEV02/EVF2) 
:;J TO 428 
'125 ~~V2=MRJ-'XCOCI.J)/XCF'I.J»-C'EV02-EVoeJ-I.J01)11 
1 C[VF2-[Vfel-l,JFl») 
42f IfC~RV2 .GE. ~R(35» CO TO 430 
IFC~RV2 .LE. MRCl») GO TO 4'1~ 
:AL. SINTPC~RCl).TCl).3S.~RV2.TG2.ISITOK) 
IFCISITOK .LT. 0) GO TO 840 
GO TO 450 
4:30 T02=TSO 
:;0 TO 450 
44C TG2=TSF 
C •• COMPARISON OF 1 A~D 2 
45C T[ST=AOSCTG2/TGl-l.0) 
IFCTEST .LE. C.05) GO TO 470 
C ••• FURTHER ITERATION REQUIRED 
IFC~:OU~T .LE. 10) GO TO 460 
"~IT(C6.232!l) 





GO TO 400 





IfC[VF2 .LT. 100.0) GO TO 473 
IFCEV02 .OE. 100.0) GO TO 472 
I1RU I .J)='J99. 0 
















































































































































































GO TO 4H 
J J 
473 ~RLlI,J)=HRJ*CXCO(I,J)/XCFCI,J».CCI00.-EVOCI,J»/CI00.-EVFCI,J») 
474 IFCEV02 .LE. 0.0) GO TO ~80 
IFCEV02 .GE. 99.99) GO TO ~75 
CALL SINTPCEVCl),LGCl),35,EV02,LGOCI,J),ISITOK) 
JFlJSITOK .LT. 0) GO TO 850 
GO TO 485 
'175 LGOCI.J)=200.0 
EV02=100.0 
GO TO ~85 
460 LGOlI.J)=C.O 
485 IF(EVF2 .LE. 0.0) GO TO 490 
IFlEVF2 .GE. 99.99) GO TO 495 
CALL SINTPCEV(1),LG(I),35.EVF2,LGF(I,J),ISITOK) 
IFCISITOK .LT. 0) GO TO 860 
GO TO 600 
490 .. GF CI ,J)=O.O 
:;0 TO 600 
4a~ LCFCI.J)=200.0 
~VF2=100.(j 
GO TO 600 
C • NONVAPORIZING GRIDS CEITHER OxIDIZEP OR FUEL O~ BJTH A~SlNT) 





IFC(COCI,J) .LE. 0.0 .AND. XCFCI.J) .LE. 0.0) GO TO &00 
IFcxCFCI.J) .GT. XCOCI.J») GO TO 520 
C **. OXIDIZER PRESENT ONLY 
T(;n.J)=T'iO 
MRLn .J)=9 G9.0 
MRVlI.J)=efl8.0 
GO TO 600 
C *.* FUEL PRESENT O~LY 
520 TGCI.J)=TSF 
~RL(J ,J)=O.O 
'1ilV C I .J)=A88. 0 
:;0 TO 600 
































































J J - 1 J 
00634 335" IF(XCO(l,J) .LE. 0.0 • AND. XCF(l,J) .LE • 0.0) GO TO 600 001633 
00636 336" IFeXCF(J,J) .GT. XCO(J,J» GO TO 550 0016'+7 
006'+0 337* 001653 
006'10 338" C " .. * OxIOI ZER PRESENT ONLY 001653 
006'10 33':1* 001653 
006'10 340* TGCI,J)=TGeI-1,J01) 001653 
006'tl 3'11' '4~UI,J)=999.0 001655 
00642 342" '1~VeI,J)=888.0 001657 
006'13 3,+3* GO TO 600 001661 
006'+4 3'1'+ • 001663 
006'+'1 3'+5" C ". FUEL PRESENT ONLY 001663 
006'14 34(, .. 001663 
00644 347* 550 TGeI,J)=TGel-l,JF1) 001663 
006'+5 348· I1RLC I ,J)=O.O 001667 
006'+6 3,+9* MRV(I.J)=888.0 001670 
006'17 350· 600 CONTINUE 001705 
00652 351* 001705 
')0652 352- C Pf< ) '.jf OJTPUT OU1705 
~:::;SZ 353* (lO170!: 
j G~ :'I, 7~4 " ~') hoe l=l,NPLANE '11 ., .... ~ 
:~f:,~1 ~~5 ., Ii'<JT[(f,.20:l0) C'J17:5 
~ jb-::. 7 j,56· _rtIlE (6.2010) "'J:l71~ 
J:ib61 357· .. ~ITE\6.22G() I) ~ 1 "/17 
;;~664 35B* J:l UGO JJJ=1.1C nC1730 
iJCJ6b7 359- 1FIJJJ .NE. 6) GO TO 710 ;:J17?: 
:") 00671 360* J'lIT[ (6.2210) D0173~ 
I O:l673 3bl- 710 JJ=CJJJ-ll·lO (JOl741 
.... J()674 .362- Jl=JJ·l 001744 
" J3675 ~~3* J2=JJ+lO 
0017~O 
;)0676 56'1 - .. I> ITt( 6.2220) J1.J2.(LGOCI.J).J=Jl,J2) J01753 
J0706 .365· JrUT[ C6,22.3() CLGFCI.J).J=J1,J2) 001773 
J 0714 .366- .RITEC6.2240) CTGCI,J).J=Jl,J2) OC2006 
00722 3,,7· oI'lIEC6.2250) (EVOCI.J),J=Jl,J2) 002021 
J073[' 36"- oI'lITU6,226Cr) CEVFCI.J).J=J1.J2) 002034 
00736 .369* "';;11(16.2270) CMRVCI.J),J=J1.J2) 002047 
30744 370* .I\ITE C6.2280) CMRLCI,J),J=Jl,J2) On062 
J0752 .371- 800 CO'HINUE CC21C1 
H755 372· ~" TO 900 OC2101 
00756 .373- -r2lO3 
:J7~6 374- C CUT~lLJE TA~L[ kAt.GE ::21(," 
,,0756 375- :::2103 
C0756 370- 810 oIRITEC6,2.3.30) I,J,LGOl 0021()3 
J07!>3 377- :;0 TO 900 CC2112 
00754 379* B20 w~ITEC6.23'+0) I,J,LGF 1 002114 
00771 379- GO TO 900 00212.3 
00772 3BO" 1130 JrUTE e6,2350) I,J,MRVI 002125 
00777 381- GO T:l 900 002134 
Jl 000 .332· 840 J~ITE:(6,2360) I.J, ... RV2 0021:36 
01:l05 3&3- G:l T:l 'JOO O['214~ 
C1OC6 .3t 4· ~5C .;f; I TE 16.2370) I,J.EV02 002147 
ii101.3 3,,':>- GO TO ., 00 G02156 
01014 .38b o Hf,O ':~Ir::: (&,231'0) 1.J.EVF, 0021(-,0 
: 1 ~ 21 .3"7- ~C217C 
01021 .3tHl * C FOK'1ATS f~217n 
JUl21 3/>9· 002170 
01021 390· 1000 FORMATC20A'+) 002170 




















~lO .. (.I 
., .I.:' ct 1 
Jl 04 2 
::'IJ43 
























































2000 FO~~ATCIH1,/38X,'A E R 0 JET L I QUID ROC K ETC 0 M P 
111 \I yo) 
2010 FORHAT(/25X,'PROPELLANT VAPORIZATION ANALYSIS BASED ON COLD-FLO~ L 
lIQUID HASS DISTRIBUTION DATA'/) 
202Q FORHATelox.20A4) 







2070 FORHATCIISx,'COLD-FLOW INPUT" 
2080 FCRHATCIH1,1130X,'PLANE NO.t,I2) 
2090 FORHATe 110X,'J',4X,'XCO',7x.·OLCO·,6X.'JOO'.7X. 
1 'XCF',7X,'OLCF',6X,'JFO'/) 
2100 FOR~ATC8X,13,Tl".F6.",T26,F5_3.T36,13,T"6,F6.4,T56,F5.3,T66,I~) 














































































1 . 1 
'iI"IA:>,S .VAPJ'!. 
~AP 30RIV2-2 7~Rl-2 08/30/82 1~:33:~3 
DEMAND INPUT IS ILLEGAL. SOURCE IMAGES IGNORED. 
AFC"! STATUS OF OUTPUT ELE"IE~T=UNKNO~N 
~UA~TEq/TrlI~Q ~J~D INSE~SlTIVE 
ADDRESS LIMITS 001000 016605 
O~OOOO 055360 
STA'l.TI~~ AOJRESS 01~250 
70~6 IBANK ~OPDS DECIMAL 
6897 OBANK ~ORDS DECIMAL 
SEGMENT SMAUU 001000 016605 O~OOOO 055360 
\lS\lTCS/FORb9 S Cl ) 001000 001032 
'-J.3L<S/=Jf\~6 HI) COIC33 001221 $ (0) 040000 
$ (4) 040002 
~o IL,\S,/FOh-[;; S-( 1 ) (lC1222 0013.37 S. (0) Q4CJ054 
$ (4 ) 040056 
\loIU1/FO,,-(2 1 C 1 ) 001340 001513 S (2) 040131 
\jR.\I)S/FOi\-::2 111 ) 001514 001b55 s (2) 040151 
,CL:lSS/FOR-;:3 £(1) G0165b 002121 S(2) 040163 
~LI"Ps./FOR-[.S S (1 ) 002122 003100 S (2) 0'10213 
\FT:rlllFOR-E2 S (1) u03701 00'1166 S (2) 040403 
\l1'l;>Y$/~O'l.-::3 SIl) 0041b7 005515 S ( 2) 040411 
\l1\lI\1S.1=0;;-:5 $( 1 i 005')76 006035 S (2) 040453 
\i::lJF1/FO~-:" S ( j ) O~b 036 C::6075 S( 2) 040454 
IICNVTS/FJR68 S(1) "~6076 006311 $ (2) 040455 
'lOT I '1$/'=0,\-[3 S (l ) 006320 006614 $. (2) 04055.3 
\iBS3LS/FOR-E3 $. <l ) 0%615 0066£01 !.( 0) 040557 
$ (4) 0405&0 
\jU:>JAS./FOR6J\ 3.C 1 ) :;06 & 7:l 0061<'3 
NTAOs.lISD S (2) 040616 
'lFCrl!(S/FDR-E3 S () ) 006724 001114 S (2) 040656 
$(3) 001715 007715 $(4) 041030 
~IJ:H/~:l"-:: ~ S'( 1 ) C07716 CI014~ S(2) 041102 
\I,lr:lO$/I~D $(2) :;41252 
\j l~CV$/FuK-E3 $ (1 ) ~10146 010216 S (2) 04j460 
~FTV" IF:l" -[2 ! () ) .110217 010321 
\lFMTS./FO~-E3 So <l ) 010322 011204 $(2) 043536 
~OUTS/FO~-[3 S (1) 011205 013002 S (2) 043612 
'10BUFS/FO'H,S $( 1> 013003 013043 
FORCOMSIFORFTN S(2) 043Eo57 
\ilillTH/FOR-[3 S\1 ) 013044 013203 $ (2) 043665 
\I[~C:lM$/FO~-TE3 t( 1 ) 013204 0132b3 50 (2) 043116 
:iW,ISYS74-I<;J 
~<:<;~ J, IFO" -[ 3 \, 1 ) 013764 013627 $ (2) 0'13732 
FI')"VCO'I$NOR-T[3 $ (2) C44123 
\1<; TDt>s/<"Oh-T£ 3 Sill 013t,30 01%73 t ( 2) 044133 
~l(;>,,1/·O'l.-::' !" 1) Ol.H.74 014071 ~ (~) 0441'1;> 
.H.H/F;H-:::5 " ( . ~ :14[:72 :14241 1.(21 04'1214 
'LAII<SCO"~O\(CO~HLhGLOCK) 
































04 Q 213 
0443\4 
055324 
S (2) BLANI"SCOHI"O'l 
J J J 
( 
( 
~7 JUL 76 14:02:51 
"b n:i 7b 13:42:41 
:6 ~ l G 7( 1~:42:](' 
C7 ~[F- 76 11:45:5k 
~6 I,Ub 76 13:42:24 
2"'> ''/If\ n 14:51:32 
23 II.H 76 14:5:>:38 
27 uL:L n 13:5H:S6 
:.:'0 ~~~ 76 H:'I5:16 
?7 JUL 7'- 14:0C:5'1 
;-9 AP~ 74 13:47:5" 
23 "~ ~ 16 14:51:36 
If> APt- 7':- d:29:5~ 
~3 "~ " 76 14:51:2,\ 
Ie JUL 72 21:41:2:, 
23 ~, to ; 7f, 14:5~:Ob 
24 
"''''1 1b 15:30:02 




2~ I" .. 7r- 14:~1:2-, 
2" A I ,. 74 13:41:54 
~3 III." 11> 14:52:~Q 
1" S[P 17 20:51:~2 
10 JlJl 7:- 21:41:Cfl 
24 /lofty 7f.. 15:2H:58 
17 J~N 17 11:26:16 
1 1 "A'l. 7~ 1~:33:59 
1'1 J(C 79 :l9:57::l" 
l! t.~;: 7', n:11:2: 
, " 
... A v 7t 15:2'1:07 
17 .J II J f7 D:40:51 
17 ~ ~ .. 
" 
:~::>l:d 
~ ~ I I. Y /- ] ~ : ! '1: 1, 







DO 1 I=2,N 
J=I 
IF (X.LT.U(1»GO TO 3 
IF(X.GT.U(N»GO TO 3 
IF«X-U(I»/(UCN)-U(1»)2,2,1 
CONTINUE 
: Y='.'(J-Li+<V(J)-V(J--Li q~-'. ,'-11l, .IJ(Ji-U(J--]" 
ISITOK=1 
GO TO 10 
3 WRITE(6,4)X,Y 















J - t 1 
A E R 0 JET L I G U I D ROC K ETC 0 M PAN Y 
PROPELLANT VAPORIZATION ANALYSIS BASED ON COLD-FLOW LIQUID MASS DISTRIBUTION DATA 
EDM LOL INJECTOR 
TEST 171 
NAMELIST INPUT 
PC(PSIA)= 640 0 MRJ=2 800 CR=616 000 
IDo=- 1 To(R)= 200 0 VoCFT/SEC)= 44 0 
IDF=- 1 TFCR)= 584 0 VF(FT/SEC)= 71 0 
COLD-FLOW INPUT 
NPLANE= 3 
RMO( IN)= 1186-02 TSO(R)= 270 0 







































,)00 XCF OLCF .JFO 
25 0023 300 25 
26 0125 300 26 
35 0130 300 35 
36 0023 300 36 
44 0110 300 44 
45 2150 300 45 
46 2720 300 46 
47 0079 300 47 
54 0150 300 54 
55 1530 300 55 
56 2380 300 56 
57 01BO 300 57 
67 0057 300 67 
1 1 
-
PLANE NO 2 
• 
J XCO OLCO JOO XCI" DLCF JFO 
15 0109 BOO 25 0010 BOO 26 
24 0150 BOO 35 0049 BOO 25 
25 0260 BOO 35 0005 BOO 36 
• 26 0097 BOO 26 0015 BOO 26 
33 0050 BOO 44 0136 BOO 35 
34 03BO 800 44 0290 BOO 45 
35 0630 BOO 45 0180 800 45 
36 0220 BOO 36 0230 800 46 
37 0017 800 47 0087 800 47 
43 0067 BOO 54 0184 800 44 
44 0840 800 45 0970 800 45 
45 1930 800 45 2520 800 46 
46 0800 800 46 1460 800 56 
47 0067 800 46 0252 800 57 
53 0109 800 55 0155 800 54 
- 54 0881 800 55 0580 800 55 
55 1180 800 56 0730 800 55 
n 56 0990 800 56 0730 800 56 
a I 57 0180 800 46 0220 800 56 ..... 
00 63 0100 800 55 0058 800 54 
64 0190 800 55 007B BOO 55 
< 66 0190 BOO 56 0087 800 56 
67 0230 800 57 0130 BOO 56 














( PLANE NO 3 
J XCO OLCo JoO XCF OLCF JFO 
r 23 0027 1 300 24 0085 1 300 33 
24 0081 1 300 24 0061 1 300 24 
r 25 0162 1 300 25 0006 1 300 25 
26 0140 1 300 26 0006 1 300 26 
33 0027 1 300 24 0097 1 300 33 
( 34 0162 1 300 34 0195 1 300 34 
35 0324 1 300 35 0182 1 300 35 
36 0275 1 300 35 0201 1 300 36 
37 0113 1 300 26 0067 1 300 26 
38 0027 1 300 37 0109 1 300 37 
43 0049 1 300 33 0128 1 300 43 
( 44 0300 1 300 44 0400 1 300 44 
45 0780 1 300 45 .1030 1 300 45 
46 0780 1 300 46 1370 1 300 45 
47 0300 1 300 36 0730 1 300 46 
48 0054 1 300 37 0230 1 300 46 
53 0081 1 300 43 0122 1 300 53 
n 54 0460 1 300 54 0400 1 300 44 
I 55 0970 1 300 45 0730 1 300 55 
...... 56 0998 1 300 56 0850 1 300 56 ~ 57 0570 1 300 46 0580 1 300 46 
58 0119 1 300 47 0210 1 300 46 
63 0092 1 300 53 0073 1 300 53 
64 0370 1 300 54 0190 1 300 54 
65 0410 1 300 5S 0150 1 300 55 
66 0300 1 300 55 0150 1 300 66 
67 0410 1 300 56 0210 1 300 57 
68 0210 1 300 57 0160 1 300 47 
73 0086 300 63 0043 1 300 63 
74 0108 300 64 0036 1 300 64 
77 0081 300 66 0030 1 300 67 
78 0170 300 67 0085 1 300 57 
88 0076 300 66 0024 1 300 77 
89 0070 300 77 0128 1 300 67 
l 
-I 1 -, 1 -1 "I - I -I -1 1 I -I 
W' 
... 
- A E R 0 JET L I QUI 0 ROC K E T COM P A N Y 
.. PROPELLANT VAPORIZATION ANALYSIS BASED ON COLD-FLOW LIQUID MASS 01 STR I Bun ON DATA 
6 PLANE NO 
6 J= 1 TO 10 LGO (IN) 000 000 000 000 000 000 000 000 000 
000 
LGF (IN) 000 000 000 000 000 000 000 000 000 000 
TG (R) 0 0 0 0 a a 0 0 0 a 
EVO 00 00 00 00 00 00 00 00 00 00 
• EVF 00 00 00 00 00 00 00 00 00 00 
MRV 00 00 00 00 00 00 00 00 00 00 
~ 
MRL 00 00 00 00 00 00 00 00 00 00 
J=ll TO 20 LGO ( IN) 000 000 000 000 000 000 000 000 000 000 
LGF (IN) 000 000 000 000 000 000 000 000 000 000 
TG (R) a a 0 a a a 0 0 0 a 
EVO 00 00 00 00 00 00 00 00 00 00 
EVF 00 00 00 00 00 00 00 00 00 00 
~ MRV 00 00 00 00 00 00 00 00 00 00 
("") MRL 00 00 00 00 00 00 00 00 00 
00 
c: I 000 000 N 
.)=21 TO 30 LGO ( IN) 000 000 000 000 767 670 000 000 0 LGF (IN) 000 000 000 000 923 791 000 000 000 000 
TG (R) 0 0 0 0 5233 5 4744 B a 0 a a 
( EVO 00 00 00 00 21 06 1B BB 00 00 00 00 
EVF 00 00 00 00 24 32 21 59 00 00 00 00 
MRV 00 00 00 00 9 2B 1 72 00 00 00 00 (" MRL 00 00 00 00 11 17 2 04 00 00 00 00 
,}=31 TO 40 LGO ( IN) 000 000 000 000 727 000 000 000 000 000 (" LGF (IN) 000 000 000 000 B6B 000 000 000 000 000 
TG (R) 0 0 0 0 5014 5 270 0 a 0 a 0 
EVO 00 00 00 00 20 16 00 00 00 00 00 
'- EVF 00 00 00 00 23 19 00 00 00 00 00 
MRV 00 00 00 00 10 30 BBB 00 00 00 00 00 
MRL 00 00 00 00 12 31 999 00 00 00 00 00 
.. 
,~41 TO 50 LGO (IN. 000 000 000 274 "179 B38 280 000 000 000 
• 
LGF (IN) 000 000 000 277 1 23B 1 020 285 000 000 000 
TG (R) a 0 0 2374 6 6241 4 5546 4 2420 4 0 0 0 
EVO 00 00 00 8 60 25 46 22 58 B 78 00 00 00 
• 
EVF 00 00 00 8 69 29 B5 26 23 8 92 00 00 00 
MRV 00 00 00 88 2 66 2 04 94 00 00 00 











"')=51 TO 60 LGO (IN) 000 000 000 074 937 829 574 000 000 000 
r LGF (IN) 000 000 000 067 1 173 1 007 665 000 000 000 
TG (R) 0 0 0 4020 1 6012 5 5507 7 4297.6 0 0 .0 
EVO 00 00 00 2 15 24 60 22 40 16 63 00 00 00 
( EVF 00 00 00 1 88 28 77 26 01 18 76 00 00 00 
MRV 00 00 00 1 51 2 35 2 02 1 59 00 00 00 
MRL 00 00 00 1 32 2 91 2 46 1 84 00 00 00 
"')=61 TO 70 LGO ( IN) 000 000 000 000 000 000 952 000 000 000 
LGF (IN) 000 000 000 000 000 000 1 197 000 000 000 
( TG (R) 0 0 a a a a 6149 8 a 0 0 
EVO 00 00 00 00 00 00 24 92 00 00 00 
EVF 00 00 00 00 00 00 29 17 00 00 00 
( MRV 00 00 00 00 00 00 4 83 00 00 00 
MRL 00 00 00 00 00 00 5 99 00 00 00 
(""l J=71 TO 80 LGO ( IN) 000 000 000 000 000 000 000 000 000 000 
I LGF (IN) 000 000 000 000 000 000 000 000 000 000 
N TG (R) 0 0 0 0 0 0 0 .0 0 0 ...... 
EVO 00 00 00 00 00 00 .00 00 00 00 
EVF 00 00 00 00 00 00 00 00 00 00 
MRV 00 00 00 00 00 00 00 00 00 00 
MRL 00 00 00 00 00 00 00 00 00 00 
J=81 TO 90 LGO ( IN) 000 000 .000 000 .000 000 000 000 000 000 
LGF (IN) 000 000 000 000 000 000 000 000 000 000 
TG (R) 0 0 0 0 0 0 0 0 0 0 
EVO 00 00 00 00 00 00 00 00 00 00 
EVF 00 00 00 00 00 00 00 00 00 00 
MRV 00 00 00 00 00 00 00 00 00 00 
MRL 00 00 00 00 00 00 00 00 00 00 
.J"'-91 TO 100 LGO ( IN) 000 000 000 000 000 000 000 000 000 000 
LGF ( INI 000 000 000 000 000 000 000 000 000 000 
TG (R 1 a 0 0 0 0 0 0 0 0 0 
EVO 00 0(1 00 00 00 00 00 00 00 00 
EVF 00 00 00 00 00 00 00 00 00 00 
MRV 00 00 00 00 00 00 00 00 00 00 




A E R 0 JET L I QUI D ROC K E T COM P A N Y 
... PROPELLANT VAPORIZATION ANALYSIS BASED ON COLD-FLOW LIQUID MASS DISTRIBUTION DATA 
PLANE NO 2 
... 
... 
,J= 1 TO 10 LGO ( IN) 000 000 000 000 000 000 000 000 000 000 
LGF (IN) 000 000 000 000 000 000 000 000 000 000 
TG (R) 0 0 a 0 0 0 0 0 0 0 
... 
Eva 00 00 00 00 00 00 00 00 00 00 
EVF 00 00 00 00 00 00 00 00 00 00 
MRV 00 00 00 00 00 00 00 00 00 00 
MRL 00 00 00 00 00 00 00 00 00 00 
J=11 TO 20 LGO (IN) 000 000 000 000 1 673 000 000 000 000 000 
LGF (IN) 000 000 000 000 1 600 000 000 000 000 000 
TG (R) 0 0 0 a 2234 a a 0 a a 0 
EVO 00 00 00 00 36 73 00 00 00 00 00 
EVF 00 00 00 00 35 66 00 00 00 00 00 
MRV 00 00 00 00 31 43 00 00 00 00 00 
MRL 00 00 00 00 30 01 00 00 00 00 00 
'II: ..J~21 TO 30 LGO ( IN) 000 000 000 823 727 000 000 000 000 2 2 192 
("") LGF (IN) 000 000 000 3 580 000 2 586 000 000 000 000 
I TG (R) 0 0 0 5591 5 5014 5 3807 2 0 0 a 0 ~ EVO 00 00 00 50 30 20 16 43 55 00 00 00 00 
EVF 00 00 00 56 72 00 47 77 00 00 00 00 
MRV 00 00 00 7 60 888 00 16 51 00 00 00 00 
., 
MRL 00 999 00 00 00 00 00 00 9 84 19 57 00 
J=31 TO 40 LGO ( IN) 000 000 367 329 3 422 000 881 000 000 000 
LGF (IN) 000 000 1 398 3 841 4 202 1 020 867 000 000 000 
TG (R) 0 0 1945 a 2195 3 5318 4 5546 4 2131 6 0 0 0 
Eva 00 00 11 20 10 17 55 49 00 23 46 00 00 00 
EVF 00 00 32 51 ~8 76 61 21 26 23 23 17 00 00 00 
MRV 00 00 36 64 8 8B BBB 00 55 00 00 00 
MRL 00 00 35 7 99 11 25 00 55 00 00 00 
• 
)- 41 TO 50 LGO (IN) 000 000 631 3 605 3 4B3 2 535 2 179 000 000 000 
LGF (IN) 000 000 521 4 469 3 763 2 945 1 808 000 000 000 
• TG (R) a 0 2791 8 5B31 8 5593 0 3603 5 2339 4 0 0 0 
EVO 00 00 IB 01 56 92 55 97 47 22 43 42 00 00 00 
EVF- 00 00 J 5 29 62 B2 5B 15 51 61 3B 70 00 00 00 
-
MRV 00 00 1 20 2 20 2 06 1 40 84 00 00 00 











')=51 TO 60 LGo (IN) 000 000 3 476 3 643 3 335 3 357 3 118 000 000 000 
r LGF (IN) 000 000 2 304 4 531 4 520 4 124 3 794 000 000 000 TG IR) a 0 6118 0 6306 4 6296 1 6345 4 5629 a a a a 
EVa 00 00 55 91 57 21 54 81 54 98 53 12 00 00 00 
( EVF 00 00 44 76 63 19 63 12 60 75 58 39 00 00 00 
MRV 00 00 2 46 3 85 3 93 3 44 2 08 00 00 00 
MRL 00 00 1 57 4 94 5 55 4 35 :2 58 00 00 00 
( 
J=61 TO 70 LGo <IN) 000 000 3 550 3 493 000 3 234 2 669 000 000 000 
LGF (IN) 000 000 2 402 4 311 000 3 954 4 071 000 000 000 
( TG (R) a 0 5932 9 5887 1 a 6014 4 6288 4 0 a 0 
EVa 00 00 56 49 56 05 00 54 02 48.66 00 00 00 
EVF 00 00 45 80 61 87 00 59 64 60 43 00 .00 00 
( MRV 00 00 5 95 6 18 00 5 54 3 99 00 00 00 
MRL 00 00 3 88 7 86 00 6 97 6 43 00 00 00 
(""') 000 ~ J=71 TO 80 LGo ( IN) 000 000 000 000 000 000 3 005 000 000 
w LGF (IN) 000 000 000 000 000 000 4 151 000 000 000 TG (R) 0 0 0 0 0 a 5447 3 0 0 0 
EVO 00 00 00 00 00 00 52 24 00 00 00 
EVF 00 00 00 00 00 00 60 91 00 00 00 
MRV 00 00 00 00 00 00 8 28 00 00 00 
MRL 00 00 00 00 00 00 11 80 00 00 00 
J=81 TO 90 LGO ( IN) 000 000 000 000 000 000 000 000 000 000 
l LGF (IN) 000 000 000 000 000 000 000 000 000 000 TG (R) a a 0 a a a a a a 0 
EVa 00 00 00 00 00 00 00 00 00 00 
EVF 00 00 00 00 00 00 00 00 00 00 
MRV 00 00 00 00 00 00 00 00 00 00 
MRL 00 00 00 00 00 00 00 00 00 00 
.J=Ql TO 100 LGO dN) 000 000 000 000 000 000 000 000 000 000 
LGF ( IN) 000 000 000 000 000 000 000 000 000 000 
TO <H) 0 0 0 0 0 0 0 0 0 0 
Eva 00 00 00 00 00 00 00 00 00 00 
EVF 00 00 00 00 00 00 00 00 00 00 
MRV 00 00 00 00 00 00 00 00 00 00 
MRL 00 00 00 00 00 00 00 00 00 00 
l 




A ERa JET L I QUI 0 ROC K E T COM P A N Y 
<- PROPELLANT VAPORIZATION ANALYSIS BASED ON COLD-FLOW LIGUID MASS DISTRIBUTION DATA 
~ PLANE NO 3 
'" 
, J= 1 TO 10 LGO (IN) 000 000 000 000 000 000 000 000 000 000 
'- LGF (IN) 000 000 000 000 000 000 000 000 000 000 
TG (R) 0 0 0 0 0 0 0 0 0 0 
(. EVa 00 00 00 00 00 00 00 00 00 00 
EVF 00 00 00 00 00 00 00 00 00 00 
MRV 00 00 00 00 00 00 00 00 00 00 
MRL 00 00 00 00 00 00 00 00 00 00 
J=11 TO 20 LGO ( IN) 000 000 000 000 673 000 000 000 000 000 
LGF (IN) 000 000 000 000 600 000 000 000 000 000 
TG (R) 0 0 0 0 2234 0 0 0 0 0 0 
EVa 00 00 00 00 36 73 00 00 00 00 00 
EVF 00 00 00 00 35 66 00 00 00 00 00 
MRV 00 00 00 00 00 00 00 00 00 00 
MRL 00 00 00 00 00 00 00 00 00 00 
n 
... 1 J=21 TO 30 LGO <IN) 000 000 4 592 6 982 1 334 3 357 000 000 000 000 N 
""" 
LGF (IN) 000 000 1 497 8 734 484 3 758 000 000 000 000 
TG (R) 0 0 4527 4 6343 3 270 0 1244 0 0 a 0 0 
... EVa 00 00 63 55 74 43 31 45 54 98 00 00 00 00 
EVF 00 00 34 15 79 78 14 34 58 11 00 00 00 00 
MRV 00 00 1 66 3 47 165 80 61 81 00 00 00 00 
.. MRL 00 00 49 4 70 60 50 70 22 00 00 00 00 
,)=31 TO 40 LGO <IN) 000 000 4 107 369 7 295 7 329 5 346 773 000 000 
LGF (IN) 000 000 1 457 3 874 8 985 6 497 6 350 1 708 000 000 
TG (R) 0 0 3632 4 2041 5 6177 1 6287 7 6218 8 2249 5 0 0 
EVa 00 00 60 64 11 32 75 47 75 58 67 56 38 19 00 00 
... EVF 00 00 33 49 59 02 80 46 72 49 71 90 37 24 00 00 
MRV 00 00 1 41 45 4 68 3 99 4 44 71 00 00 
MRL 00 00 46 5 03 6 26 3 40 5 45 68 00 00 
.=-41 TO 50 LGO ( IN, 000 000 1 219 7 344 7 158 2 940 1 992 1 182 000 000 
LGF (IN) 000 000 1 634 9 042 8 268 5 522 4 522 3 617 000 000 
.. TG (R) 0 0 2369 6 5405 8 5524 2 2798 3 2280 2 1914 6 0 0 
EVa 00 00 29 53 75 63 75 02 51 56 41 39 28 92 00 00 
EVF 00 00 36 16 80 59 78 52 68 35 63 13 57 02 00 00 
MRV 00 00 88 1 97 2 03 1 20 75 33 00 00 










-.1=51 TO 60 LGO (IN) 000 000 954 8 156 7 599 7 897 5 581 2.577 000 000 
r LGF (IN) 000 000 4 636 9 809 10 298 9 922 6 577 3 750 000 000 
TG (R) 0 0 2260 9 6342 3 6346 5 6343 7 6214 5 3200 3 0 0 
EVO 00 00 24 96 78 22 76 48 77 46 6B 61 47 68 00 00 
r EVF 00 00 63 82 82 28 83 21 B2 53 72 81 58 05 00 00 
MRV 00 00 73 3 06 3 42 3 09 2 59 1 30 00 00 
MRL 00 00 :3 86 3 96 5 21 4 24 3 18 1.98 00 00 
( 
.j=61 TO 70 LGO ( IN) 000 000 7 871 8 000 7 491 7 693 7 750 7 243 000 000 
LGF (IN) 000 000 8 084 10 062 9 716 9 194 8 744 4 641 000 000 
r TG (R) 0 0 6341 2 6094 7 5697 7 6058 0 6065 9 6234 8 0 0 
EVa 00 00 77 3B 77 BO 76 12 76 79 76 97 75 30 00 00 
EVF 00 00 7B 03 B2 81 B2 OB BO 93 79 81 63 84 .00 00 
C MRV 00 00 3 50 5 12 7 10 5 31 5 27 4 33 00 00 
MRL 00 00 3 63 7 04 10 20 6 82 6 23 2.51 00 00 
C 
("') 
-.1=71 TO 80 LGO ( IN) 000 000 7.645 7 329 000 000 7 232 7 130 000 000 I 
N LGF (IN) 000 000 7 648 9 042 000 000 9 253 8 756 000 000 
(.TI TG (R) 0 0 6002 5 5533 1 0 0 5714 2 6069 2 0 0 
( EVO 00 00 76 63 75 58 00 00 75 26 74.93 00 00 
EVF 00 00 76 64 80 59 00 00 81 06 79 84 00 00 
MRV 00 00 5 60 7 88 00 00 7 02 5 26 00 00 
( MRL 00 00 5 60 10 57 00 00 9 87 6 97 00 00 
.j=Bl TO 90 LCD <IN) 000 000 000 000 000 000 000 7 087 5 719 000 
( LCF (IN) 000 000 000 000 000 000 000 8 513 7 767 000 
TG (R) a 0 0 a 0 a a 5427 4 3493 7 0 
Eva 00 00 00 00 00 00 00 74 79 69 23 00 
EVF 00 00 00 00 00 00 00 79 18 77 03 00 
MRV 00 00 00 00 00 00 00 8 37 1 38 00 
MRL 00 00 00 00 00 00 00 10 74 2 05 00 
,1=91 TO 100 LCD ( INI 000 000 000 000 000 000 000 000 000 000 
LCF (IN. 000 000 000 000 000 000 000 000 000 000 
I TG (R) a a 0 0 0 0 0 0 0 a 
EVO 00 00 00 00 00 00 00 00 00 00 
EVF 00 00 00 00 00 00 00 00 00 00 
MRV 00 00 00 00 00 00 00 00 00 00 
















xeo lJLCO ,JOO 
1159 300 45 
2".J67 300 46 
t123 300 50 
1 1 - I 
1 OFO TRIPLET 
XCF DLCF ,JFO 
0132 300 45 
.7417 300 46 
2384 300 56 
-, 
1 - 1 
PLANE NO 2 OFO TRIPLET 
J xeo DLCO JOO XCF DLCF JFO 
43 0388 800 45 0000 800 43 
4,4 O\~·~o 800 45 0083 800 45 
,t:: 
., ..J (,582 800 46 0647 800 46 
4u 1·'177 800 46 5304 800 46 
47 0111 800 46 0165 800 46 
55 0092 800 45 0041 800 45 
:'0 1893 800 56 2342 .800 56 
,-' 
- I 2401 800 56 0964 800 46 
, :,8 (JO~b 800 56 0028 800 46 
..... .J .. , "-;i7 ROO ·15 0096 800 56 
u, v/t:l~ !::luv ~b 013d 800 46 








- 1 1 1 
PLANE NO 3 OFO TRIPLET 
J XCO OLCO JOO XCF- DLCF JFO 
34 0006 1 300 45 0163 1.300 46 
37 0000 1 300 37 0110 1 300 47 
":'1 0516 1 300 42 0041 1 300 44 
.. l2 03C8 1 30·) 43 .0218 1 300 45 
~~ 0270 1 300 44 0705 1 300 46 
, ' 0934 1 300 45 3268 1 300 46 ) ... ~ 
45 048S' 1 300 45 1008 1 300 46 
46 0110 1 300 46 0245 1 300 46 
) 5~ 0036 1 300 54 0056 1 300 55 
. - --. 1 :100 5~· 046:1 1 300 46 I't . 
~,~ '~J"-.(j~ 1 30v ~o 0004 1 300 46 
) 0 50 OQ3't 1 300 56 .081 "7 1.300 57 I 
w 57 ('1"; ~ 1 3')0 57 0041 1 300 58 
63 00S'':i . 300 54 0109 1 800 56 
.. ' 1)',11 1 300 55 .0354 1.300 56 ) \J·t 
b~ 1."28:) 1 30(; 55 0517 1 300 56 
06 1 ::'t" 0 1 300 c' 0417 1 300 56 .. -/0 
c-7 0939 1 3vlI 57 . 0068 1 300 56 
oC 0~l80 1 300 57 0007 1 300 68 
- 3 - 0.:-t.l'..} :>_, 1 300 65 03Q::. 1 :300 56 
/6t 014i? 1 30\) 05 0110 1 300 50 
7ti ·)29 M/ 1 300 00 OOH:.! 1 300 66 
70 0341 1 300 60 0068 1 300 67 
77 0176 1 300 67 001-'1 1 300 68 
83 0000 1 , ... ... ,-. ..:J_'U 83 Ollw 1 300 56 
1 1 1 
PLANE NO. 1 TLOL 
J xc 0 OLCO JO 0 XCF OLeF JFO 
35 .0230 .300 35 .0011 .300 35 
36 .0100 .300 36 .0010 .300 36 
'+5 .1900 .300 '+5 .00B6 .300 ~5 
46 .137C .30Ci 46 .:>140 .300 ~6 
55 .2370 .300 55 .4'+50 .300 55 ) 56 .2B7G .300 56 .2660 .300 56 
65 .0190 .300 65 .1120 .300 65 











PLANE NO. 2 TLOL 
J XCO OLCO JOO XCF OLCF JFO 
25 .0150 .800 35 .0000 .SOO 35 
35 .0360 .BOO 45 .0017 .800 35 
36 .0500 .800 3b .0000 • RO a 36 
37 .00Cj2 .bOO 36 .0008 .HOO 36 
lt~ .05lfO .bOO 4+5 .01no .hOO 45 , 46 .1620 .000 '+6 .0130 .bOO 46 
47 .0170 .00 a 46 .0049 .800 46 
55 .Of.l7Q .B~~ 55 .1320 .800 55 , 56 .24bO .bOO ~6 .36~0 .800 56 
57 .0310 .800 56 .0210 .&00 56 ~ 
65 .04 q a .BOO 55 .0660 .800 55 , 66 .0960 .900 66 .2250 .tiOO 66 
67 .0530 .bOO 6f. .0~50 • ROO 66 
0 75 .CObO .£100 6~ .0117 • ~ 00 65 
~ I 76 (J"I 76 .0007 .BOG 76 .01 bO .800 







-- 1 ·-----1 . --I ,--- I ,-- J 
- ) 
. - I 
- 1 
PLANE NO. 3 TLOL 
J xeD OLCO Joe XCF OLCF JFO 
25 .0150 1.300 25 .0000 1.300 25 
26 .0170 1 • .300 36 .0000 1.300 26 
35 .0320 1.300 35 .0031 1.300 35 
36 .0050 1.300 46 .OOOB 1.300 46 
37 .0 p~o 1.300 36 .0016 1.300 47 
tt5 .0370 1.300 45 .0250 1.300 45 
46 .1090 1.300 4b .02HO 1.300 56 
47 .0330 1.300 46 .011 0 1.300 56 
54 .005b 1.300 5~ .0050 1.300 55 
55 .0620 1.300 55 .0970 1.300 55 
5b .1570 1.300 56 .2730 1.300 56 
':)7 • Ott be 1.300 56 .0360 1.300 ~6 
a 
64 .OO6? 1.:300 6~ .0044 ~.300 65 
I 6~ .0460 1.300 65 .0610 1.300 6~ , 0'1 66 .09% 1.300 66 .2310 1.300 66 
67 .0730 1.300 56 .0520 1.300 57 
6B .00bB 1.300 66 .0053 1.300 57 ) 74 .00':)0 1.300 7':) .0055 1.300 75 
75 .0140 1.300 75 .0170 1.300 75 
76 .0046 1.300 76 .0230 1.300 76 ) 77 .0370 1.300 66 .0310 1.300 67 
78 .0140 1.300 66 .0110 1.30G 67 
87 .0045 1.300 76 .COb4 1.300 77 ) tiS .0120 1.300 76 .007B 1.300 77 
) 
) 
~ --1 --I - -} ------1 
- J - - 1 
PLANE NO 1 EDM-LOL 
, 
'1r'"' DLCO -.JOO XCF DLCF -.JFO v ~ -'
25 ')058 300 25 0023 300 25 
..:..=, v.J,;8 300 ~o .0125 .300 '1' ",-0 
~- O:::CJ 3(;(' -.c "';;,-' 0130 300 35 
- j't.:;,j ,:j .l(\ ~o 0023 300 36 .-c 
, ,.,. (,,')35 3C\l., 4't .0110 300 44 
.,.:, : ::G:, 30.J 45 _ 2150 300 45 
.J.,,: ':30,J 3uu 40 2720 .300 46 
., 00:::'/ 300 47 0079 300 47 
:, ... t..0: .1 2'ju 54 0150 300 54 
~: ~ i: ClI) :::jOO :)5 1530 .300 55 
~.::. 1 ~, -1 \.J 300 56 2380 300 56 
a ·;7 'J~l:> 30,) 57 .0180 300 57 
I 




- - 1 
- -- I 
PLAt,JE NO 2 EDM-LOL 
, xeD OLeo -.JOO XCF DLCF -.JFO w 
) 
:5 010'i 800 25 .0010 .800 26 
.. ::"; 01:;0 800 35 . 0049 . 800 25 
) 'Ie .;:. ~, 'J~60 800 35 .0005 .800 36 
~ C()97 800 26 .0015 .800 ")' .=-.:" ,"0 
-'-' 00:'0 800 4-; 0136 800 35 
) .;:I., 0'350 800 44 0290 .800 45 
~t. 0030 800 45 0180 .800 45 .:)..1 
30 o I ;J,-, 800 36 0230 .800 46 
--:;"7 0017 800 47 0087 800 47 ~, , 
·),3 0007 800 5'l 0184 800 44 
• ~Jl 0:1·*0 800 45 0970 800 45 
:l ..... 5 1930 800 45 2520 .800 46 
0 46 OBOC' 800 46 1 .. 160 .800 56 I 
ex> 
..,./ 0007 800 46 0252 800 57 
~ '53 ,J 1 0', 800 55 0155 800 54 
'lot (~8al 8,)0 55 0580 .800 55 
<;= ~..J 1120 SOt) c' .10 0730 800 55 
:·b {J'-t -~.) c;,-"" .. ,U'..' 56 07::10 800 50 
57 I] 1 d':' 8()0 40 0220 .800 56 
c..;. .: 1 ( .. :. 8)0 c:t: ..I;,) 0058 800 54· 
0 eLf ')1 q,:, e;.)() 55 0078 GOO 55 
:'0 '. -,. \ .• : .L. -I _, 8(,0 5:') 0087 800 50 
b7 C'2::SC SOu 57 0130 800 50 





PL;'I.E NO 3 EDt1-LOL 
.J Y r -~U DLeo vu0 XCF DLCF .JFO 
'i~ 
-=....;; 00;;"7 1 300 24- 0085 1. 300 33 
- , 
-l'':-...,1 • 300 24 0061 1.300 24 .:. ... ~ 




IJ: .... :1 1 300 26 0000 1 300 26 
-'~ O)~7 1 300 24 0097 1.300 33 
_ ... Cllw:: 1 300 34 0195 1 300 34 
~- 03,; ... 1 30C} 35 0182 1.300 35 oJ _, 
.=-
0-,71: r I _ 1 300 35 0201 1 300 36 
-.1 .- ~ 1- 1 300 26 .0067 1 300 26 oJl tj ..... -4 
'.?fo ')02- 1 300 37 0109 1 300 37 
.,....; l::) -' • I.f 300 33 01~23 1 300 43 
a 4~ C <)0 1 300 44 0400 1 300 44 I 
\.0 
'C: "" -7 - 1 300 45 1030 1 300 45 ..... " .. : ,_, I ,-~ ~} 
";0 G7~-:O 1 3uO 46 1370 1 300 45 
-~ "1 03_,O 1 300 36 0730 1 300 46 
£.18 Olj~-} 1 300 37 0230 1 300 46 
53 O.JSl 1 300 43 0122 1,300 53 
) 5~ 0, ~O 1 300 54 0400 1 300 44 
05 u'-/7C· 1 300 40 0730 1 300 55 
50 O~/92 i 300 56 0850 1 300 56 
) r:. -, ~l, (157·) 1 300 46 0580 1 300 46 
58 C> 119 1 3C'0 47 0210 1. 300 46 "-
') OoJ 0092 1 300 53 0073 1 300 53 
) , CI" 037~) 1 300 54 0190 1 300 54 
65 0410 1 :-jOO 55 0150 1 300 55 
00 0'30;:) 1 300 55 0150 1.300 66 
67 0410 1 300 56 0210 1.300 57 
68 O~:l 0 . 300 57 0160 1.300 47 
73 OQdb 1 300 63 0043 1.300 63 
74 'J1C't> 1 300 64 0036 1 300 64 
77 0')81 1 3')0 66 0030 1. 800 67 
"1'8 0110 1 300 67 0085 1 300 57 
32 0076 1 30() 66 002'1 1 300 77 J. 
. ,-






- I -1 1 --1 ' --I - I 1 
, 
, PLANE NO. 1 PAT 
) J XCO OLCO JO 0 XCF CLeF JFO 
35 .0000 .300 35 .0690 .300 35 
36 .0000 .300 36 .0320 .300 36 ) 4'+ .0270 .300 44 .0000 .300 4'+ 
45 .3270 .300 45 .2010 .300 45 
46 .1410 .300 4b .1500 .300 46 , 47 .0220 .300 47 .0000 .300 47 
53 .0120 .300 53 .0000 .300 53 
54 .0460 .300 54 .0000 .300 54 ) 55 .2020 .300 55 .2440 .300 55 
56 .1410 .300 56 .1780 .300 56 
57 .0240 .300 51 .0000 .300 57 ) 65 .009'1 .30 0 65 .0600 .30 a &5 









PLANE NO. 2 PAT 
) J XeD OLeo JOO XCF CLeF JFO 
25 .0000 .800 35 .0131f .800 35 
26 .0000 .800 36 .0210 .800 36 , 
35 .0350 .BOO 1f5 .01f50 .BOO 35 
36 .02'+0 .800 1f6 .011f0 .bOO 36 
, 37 .0070 .800 41 .0120 .800 36 
'+'+ .0310 .800 If If .0054 .800 1+5 
45 .20'+0 .800 45 .2213 .800 45 
46 .3180 .800 46 .2358 .AOO 46 , 
47 .0870 • BO a If7 .1161 .800 If6 
48 .0210 .800 ,.7 .0000 .800 48 
53 .01.50 .800 53 .0000 • &00 53 ) 54 .0250 .800 5,. .0027 .800 55 
55 .04 a C • BO a 55 .0530 .• BOO 55 
56 .0ti'+0 .BOO 56 .1070 • bOO 56 
r 0 57 .0330 .800 57 .0400 .800 56 , a I 
57 --' 58 .0130 .800 .0000 .800 5f) 
--' 65 .009'+ .800 65 .0103 .800 65 ~ 66 .0067 .BOO 66 .0290 .800 66 
o 
" - I 
1 - I 1 
PLANE NO. 3 PAT 
J XCO OLeo JOO XCF OLCF JFO 
25 .0000 1.300 25 .0130 1.300 25 
26 .0000 1.300 26 .0110 1.300 26 
3,. .0260 1.300 35 .0240 1.300 35 
35 .0'+'+0 1.300 35 .0"80 1.300 35 
36 .0182 1.300 36 .0280 1.300 36 
37 .0078 1.300 37 .0130 1.300 37 
43 .01QO 1.300 4,. .0022 1.300 44 
44 .0770 1.300 ,.5 .0632 1.300 45 
"5 .1970 1.300 ItS .1902 1.300 45 
46 .1640 1.300 46 .1640 1.300 "6 
47 .0550 1.300 47 .0(;30 1.300 ,.7 
48 .0170 1.300 48 .0031 1.300 47 
53 .0180 1.300 53 .0022 1.300 54 
54 .033C 1.300 54 .0280 1.300 55 
a 55 .0640 1.300 55 .0810 1.300 55 I 
--' 56 .1&80 1.300 56 .1030 1.300 56 N 
57 .0380 1.300 57 .0480 1.300 57 , 58 .0120 1.300 58 .0020 1.300 57 
65 .0055 1.300 65 .0190 1.300 65 


























































































2 80 251 
2.40 490 




2 80 212 
2 75 349 
2 65 270 
2 65 270 
2.85 212 
3 00 251 
2 75 349 
2 50 176 
2 65 270 





2 80 176 
2 90 349 
2 95 322 
2 90 212 
2 85 428 
2 90 349 
3 10 270 


































































































































2.924 x 10-4 
2 716 x 10-4 
2 716 x 10-4 
2 924 x 10-4 
1.892 x 10-4 
1.892 x 10-4 
2.925 x 10-4 
1 495 x 10-3 
1.108 x 10-3 
1 090 x 10-3 
9.920 x 10-4 
9.920 x 10-4 
1.621 x 10-3 
1.311 x 10-3 
1 090 x 10-3 
2.444 x 10-3 
1.693 x 10-3 
1.365 x 10-3 
1 803 x 10-3 
8.380 x 10-4 
9.640 x 10-4 
1.075 x 10-3 
1 000 x 10-3 
8 140 x 10-4 
8 560 x 10-4 
9 570 x 10-4 
7 950 x 10-4 
1 011 x 10-3 
9 820 x 10-4 
1 186 x 10-3 
1 
~ 
6.797 x 10-4 
5.714 x 10-4 
5 714 x 10-4 
6.797 x 10-4 
4.316 x 10-4 
4.316 x 10-4 
6.416 x 10-4 
2.889 x 10-3 
3.347 x 10-3 
2.131 x 10-3 
2.354 x 10-3 
2.354 x 10-3 
3.484 x 10-3 
2.900 x 10-3 
2.131 x 10-3 
1.164 x 10-3 
1.009 x 10.3 
8.730 x 10-4 
7.600 x 10-4 
5.660 x 10-4 
7.110 x 10-4 
7.570 x 10-4 
9 230 x 10-4 
5 370 x 10-4 
6 310 x 10.4 
6.500 x 10-4 
3 530 x 10-4 
3 680 x 10-4 
3 740 x 10-4 
























































































~ --.9L NPLArlE ~ .1QL 
2 75 349 3 1 
2 85 279 3 
2.90 212 3 
2 85 279 3 
2 90 754 3 
2 90 212 3 
2.75 109 3 
2 80 349 3 
3 00 270 3 
3 00 349 3 
-- 1 
--.!.9- --E- -YlL -1£.... RMO RMF ...lli- ~ 
180 530 60 132 7.820 x 10-4 2 580 x 10-4 264 660 
190 526 42 95 6 300 x 10-4 2 400 x 10-4 230 600 
180 525 31 65 1 210 x 10-3 4 120 x 10-4 215 540 
190 526 42 95 6.300 x 10-4 2 400 x 10-4 230 600 
190 527 45 94 9.480 x 10-4 3 230 x 10-4 278 666 
180 525 31 65 1 210 x 10-3 4 120 x 10-4 215 540 
180 525 65 143 7.420 x 10-4 2 450 x 10-4 220 550 
185 580 60 161 7.820 x 10-4 1 920 x 10-4 264 660 
190 578 57 136 8.090 x 10-4 2.140 x 10-4 243 610 
180 504 62 122 7.660 x 10-4 2.920 x 10-4 260 640 
r 
E. PREDICTED FUEL VAPORIZATION AND LIQUID PHASE 
MIXTURE RATIO 
TEST NO 105 INJECTOR OFO 
GRID NO. PLANE NO. 1 PLANE NO. 2 PLANE NO. 3 
EVF ~ ..!XL ~ -1YL ~ 
34 65.46 0.03 





43 0 56.98 2 01 
44 0 58.81 o 05 
45 0 40.89 0.24 66.00 o 03 
46 
I 
15.85 o 35 55.78 0 66.25 0.00 
47 41.73 0.16 41.73 0 
53 19.74 1.04 
54 55 78 0 
55 0 61.03 59 05 
56 0 0 0 29.27 217 
57 15.85 15.90 15.64 
58 15.85 15.85 0 
63 18.41 1.43 
64 0 
65 0 
66 0 0 
67 15.85 0 
68 15.85 15.85 
73 1.06 0.35 
74 0 
75 0 
76 15.88 16 26 r---
77 15.64 41.20 




2 52.16 8 26 
3 0 31.70 1 41 
4 0 52 40 o 03 
5 0 38.45 o 21 41.45 0.83 
6 11.99 o 15 38.21 0 26.65 2 46 
7 5.43 001 23.44 7.46 









TEST NO , 109 INJECTOR: OFO 
GRID NO PLANE NO. 1 PLANE NO. 2 PLANE NO. 3 
-.ill.- ~ '.!Y!.- MRL -1'L ~ 
34 50.12 0.02 
37 31.91 0 
41 0 
42 40.84 5.73 
43 0 36.19 117 
44 0 47.18 1.42 
45 0 31.14 0.22 51.12 o 02 
, 46 10.98 0.32 91.95 0.06 51.28 0.02 
47 31.91 0.15 31.91 0 
53 15.07 o 86 
54 38.03 2 30 
~ 
55 0 47.27 37 87 
56 0 0 21.94 1 74 
57 10.98 10.99 12.74 
58 10.98 10.98 0 




66 0 0 
67 10.98 0 
68 10.98 10.98 
73 1.10 0.30 
74 0 
75 0 
76 10.98 13.24 
77 10.92 33.56 
83 0 0 
DEPTH AVG 
J a 1 
2 40.84 5.73 
3 0 20.53 o 90 
4 0 41.26 o 31 
5 0 29.28 0.20 32.10 0.52 
6 8.31 0.14 21.89 o 03 20.19 1.98 
7 4.16 0.01 17 .65 6 06 
I 8 0 0 
9 
10 
PLANE AVG. 8.20 0.13 19.81 0.03 32.37 1 59 
E-2 
TEST NO. 110/111 INJECTOR' OFO 
GRID NO PLANE NO. 1 PLANE NO. 2 PLANE NO. 3 
~ .21.8L EVF ~ --.lli.- ~ 
34 65.84 0 
37 51.22 0 
41 0 
42 50.47 
43 0 54.49 1.83 
44 0 55.83 0 
45 0 50.47 o 03 66.56 0 
, 46 20.99 0.16 52.64 0 66.88 0 
47 51.22 0.02 51.22 0 
53 24.47 0.96 
54 52.64 0 
5S 0 60.15 33.76 
56 0 16.25 1 22 21.60 0.03 
57 20.99 21. 16 15.91 
, 58 20.99 20.99 0 
63 59.53 2.44 
64 16.25 
65 16.25 
66 0 46.20 1.53 
67 20.99 42.93 67 07 
68 20.99 20.99 
73 25.73 0.51 
74 16.25 
75 0 
76 21.13 16.54 
77 20.67 42.01 




3 0 42.26 1 49 
4 0 51.60 0 
5 0 47.46 0.03 47 01 0.11 
6 15.88 0.07 40.98 0.51 35.38 2.48 
7 24.93 0 41.68 54.53 , 
8 20.99 20.99 
9 
10 
r-- PLANE AVG 15.67 0.06 38.91 o 25 46.25 6.78 
E-3 
TEST NO. 116 INJECTOR: OFO 
GRID NO. PLANE NO. 1 PLANE NO. 2 PLANE NO. 3 
..£!L ~ '-ill- ~ ~ ~ 
34 63.06 0 
37 47 44 0 
41 0 
42 64.43 10 32 
43 0 56.59 1.85 
44 0 57.87 1.28 
45 0 46.55 0.06 65.66 0 
46 18.57 0.18 55.70 0 65.85 0 , 
47 47.44 0.04 47.44 0 
53 23.55 0.88 
54 0 55.70 0 
55 14.80 1.17 60.85 8.47 
56 0 18.57 18.69 0.11 
57 18.57 18.72 14 85 
,- 58 18.57 0 
63 23.55 0.88 
64 55.70 0 
65 60.85 8 47 
66 0 18.69 0.11 
67 18.57 18.72 14 85 
68 18.57 18.57 0 
73 55.00 2.05 
74 34.22 4.65 
75 14.80 
76 41.32 1 65 




2 64.43 001 
3 0 0 42.49 o 61 
4 0 0 54.77 0.86 
5 0 0 43.78 4.38 45.92 0.97 
6 14.05 1.76 42.64 3.77 32 26 16.12 
22.33 0.17 30.94 1 99 
8 18 57 0 18.57 0 
9 
10 
PLANE AVG 13.87 1 60 39 60 2.22 47.31 4 96 
E-4 
TEST NO. 120 INJECTOR' TLOL 
GRID NO PLANE NO 1 PLANE NO 2 PLANE NO 3 
..!!L ---'1IiL '..!!L. MR[ ~ ~ 
25 0 0 
26 0 
35 0 0 0 
36 0 0 0 
37 0 0 
45 0 0 0 
46 0 .., 0 0 
47 0 0 
54 0 
55 0 0 0 0 0 0 
56 0 0 0 0 0 
57 0 0 
64 0 
65 1.03 0.35 0 0 0 0 
-
66 0.70 0.91 4.11 0.74 9.97 0.53 
, 
67 0.75 4.49 0 
68 0 
74 9.37 1.15 
75 4.84 1.12 9.51 1.04 
76 0 0 0.09 0.10 7.15 0.28 
17 0 0.75 1.82 
78 0.76 1.95 






2 0 0 
3 0 0 0 
4 0 0 0 
5 0 0 0 0 0 0 
6 0.86 0.69 2.99 1.31 6.40 0.27 
7 0 0 1.27 0.31 4.68 1.45 
8 0 
9 
PLANE AVG. o 20 0.07 1 09 0.33 2.88 0.20 
E-5 
TEST NO. 121 INJECTOR' TlOl 
GRID NO. PLANE NO. 1 PLANE NO. Z PLANE NO 3 
EVF ~ '...llL- ~ -1YL ~ 
25 0 0 
26 0 
35 0 .. 0 0 
36 0 0 0 
37 0 0 
45 0 0 0 
46 0 .. 0 0 
47 0 0 
54 0 
55 0 0 0 0 0 0 
56 0 0 0 0 0 
57 0 .. 0 
64 0 
65 1.13 0.37 0 0 0 0 
r 66 0 0 0 0 0 
0 
67 0 .. 0 
68 0 
74 1.41 1 90 
75 1 40 1.45 1.42 1.72 
76 0 0 0.47 0.11 9.03 0.19 






2 0 0 
3 0 0 0 
4 0 0 0 
5 0 0 0 
6 0.55 0.14 0 0 0 
7 0 0 0.52 0.40 2.74 o 47 
8 0 
9 
PLANE AVG. 0.13 0.01 0.03 o 01 0.25 o 04 
E-6 
TEST NO 123/124 INJECTOR' TLOL 
GRID NO PLANE NO 1 PLANE NO 2 PLANE NO. 3 
EVF ~ -lli.- ~ ...-lli..- ~ 
25 0 0 
26 0 
35 0 0 0 
36 0 0 0 
37 0 0 
45 0 0 0 
46 0 0 0 
47 0 0 
, 
54 0 
55 0 0 0 0 0 0 
56 0 0 0 0 0 
57 0 0 
64 0 
65 2.16 0.34 0 0 0 0 
66 1.37 o 94 6.77 0.65 15.69 0.37 , 
67 1.51 4.59 0 
68 0 
74 14.80 0.83 
15 8.09 0.92 15.01 0.74 
76 0 0 0.31 0.11 12.02 0.19 
77 0 1.52 1.50 
78 1.52 1 60 





2 0 0 
3 0 0 0 
4 0 0 0 
5 0 477 0.45 0 
6 1.75 0.71 4.94 1.29 10.18 0.19 
7 0 0 3.18 0.26 7.74 1.17 
8 0 
9 
PLANE AVG. 0.42 0.07 4.50 o 52 4 61 0.15 
I 
E-7 
TEST NO: 127 INJECTOR: TLOL 
GRID NO. PLANE NO. 1 PLANE NO. 2 PLANE NO. 3 
-ill- ~ '..!Y,L ~ EVF ~ 
25 0 0 
26 0 
35 0 ... 0 0 
36 D 0 0 
37 0 0 
45 0 0 0 
46 0 0 0 
47 0 0 
54 0 
55 0 0 0 0 0 0 
56 0 0 0 0 0 
57 0 0 
64 0 ... 
65 1.04 0.43 0 0 0 0 
66 0 0 0 D 
67 0 
68 0 
74 8.72 1 45 
75 4.69 1.38 8.09 1.30 
76 0 0 0.20 o 12 7.62 0.34 
77 0 0 
78 0 





2 0 0 
3 0 0 0 
4 0 0 0 
5 0 0 0 
6 0.50 0.17 0 0 
. 7 0 0 1.27 0.38 6.80 1.24 
8 0 
9 
I PLAttE AVG. 0.12 0.02 0.06 0.01 0.63 0.10 
E-8 
TEST NO. 128 INJECTOR: TLOL 
GRID NO PLANE NO. 1 PLANE NO. 2 PLANE NO. 3 
EVF 
--1:lliL. '..QL ~ -1YL. --1:lliL. 
r-- 25 0 0 
26 0 
35 0 0 0 
36 0 0 0 
37 0 0 
45 0 0 0 
46 0 .. 0 0 
47 0 0 
54 0 
55 0 0 0 0 0 0 
56 0 0 0 0 0 
57 0 0 
64 0 
65 1.71 0.43 0 0 0 0 
66 1.09 1 13 5.72 0.87 13.43 0.58 
67 1.20 5.54 0 
68 0 
74 12.42 1 29 
75 6.88 1.29 12.63 1 15 
76 0 0 0.26 0.13 10.28 0.30 
77 0 1.22 2.10 
78 1.22 2.25 





2 0 0 
3 0 0 0 
4 0 0 0 
5 0 0 0 
6 1.39 0.86 4.17 1.64 8.62 o 29 
7 0 0 1.85 0.36 6.52 1.68 
8 0 
9 
PLANE AVG. 0.33 D 08 1.53 0.41 3 90 o 22 
1-
E-9 
TEST NO' 129 INJECTOR' TLOL 
GRID NO PLANE NO. 1 PLANE NO 2 PLANE NO 3 
.1.YL ~ '.1YL- ~ -llL ~ 
25 0 0 
26 0 
35 0 .. 0 0 
36 0 .. 0 0 
37 0 0 
45 0 0 0 
46 0 0 0 
47 0 0 
54 18.91 1.22 
55 2.36 1.22 9.50 1.05 20.44 0.62 
56 0 0 0 0 0 
57 0 0 
64 18.16 1.53 
65 3.55 0.36 9.48 1.06 20.25 0.68 
66 272 o 95 11.06 0.62 23.21 0.37 
67 3.41 4.48 0 
68 0 
74 21.86 o 82 
75 12.09 0.94 22.09 0.74 
76 2.29 1.27 6.55 0.08 14.71 0.25 
77 7.91 2.01 3.41 1.35 
78 3.41 1.46 
87 16.83 0.93 
88 14.37 2.25 
DEPTH AVG. 
leO 
2 0 0 
3 0 0 0 
4 0 0 0 
5 1.48 0.62 2 42 0.26 5.05 017 
6 3.12 072 10.12 1.50 18.90 o 35 
7 2.29 1 27 8.50 1.46 11.14 1.08 
8 15.48 1.83 
9 
I PLANE AVG. 1.84 0.38 5.27 0.53 10 69 0.28 
i 
E-10 
TEST NO. 130 INJECTOR: TLOL 
GRID NO. PLANE NO. 1 PLANE NO 2 PLANE NO. 3 
~ ~ EVF ~ --.f!L ~ 
I 25 0 0 ... 
I 
26 0 
35 0 0 0 
36 0 0 0 
37 0 18.45 35.97 
45 0 7.10 7.32 28.61 3.44 
46 0 0 22.46 
47 6.66 8.48 22.46 
54 36.00 2.64 
55 5.44 1.31 18.62 1.57 34.13 1.46 
56 7 52 2.65 22.46 1.60 35.98 1.30 
57 23.24 3.48 38.50 2.88 
64 36.04 3.20 
65 1 95 0.42 18.69 1.59 34.76 1.57 
66 1.72 1.06 4.81 1.05 1.39 1.04 
67 15.54 5 09 39.86 3 24 
68 39.14 4 91 
74 32.36 2 08 
75 12.36 1.65 32.07 1 89 
76 5.69 1.36 13.39 0.11 17 .97 o 47 
77 20.18 2.77 34.49 3.23 
78 34.42 3.45 
87 24.39 1 94 




2 0 0 
3 0 0 5.37 5.98 , 4 0 4.47 2 46 24.86 0.79 
5 6.22 1.96 21.51 1.72 35.76 1 58 
6 1.83 o 81 8.60 1.97 18.00 1.85 
7 5 69 1.36 15.80 2.08 29.53 2.59 
8 31.82 3 56 
9 
PLANE AVG. 5.01 1.05 16.06 1.79 27.42 2 01 
E-11 
TEST NO 131 INJECTOR: TLOL 
GRID NO. PLANE NO. 1 PLANE NO 2 PLANE NO. 3 
EVF 
-'!L '...llL MRl -11L -'!L 
25 0 0 
26 0 
35 0 0 0 
36 0 0 0 
37 0 8.62 
45 0 9.28 7.69 36.01 3.52 
46 0 0 29.80 
47 8.62 8.90 29.80 co 
54 46.21 2.70 
55 8.17 1.38 25.89 1.64 44.22 1.50 
56 10.56 2.78 29.80 1.67 45.84 1.34 
57 30.74 3.63 48.54 2.94 
64 46.17 3.28 
65 8.74 0.44 25.96 1.65 44.93 1.60 
66 5.83 1.11 11.68 1.09 18.87 1.06 
67 22.66 5.28 49.97 3 33 
68 52.65 5.72 
74 41.92 2 14 
~ 
75 16.91 1.72 41.61 1.94 
76 8.50 1.43 18.89 0.11 24.34 0.49 
77 27.79 2.89 45.07 3.40 
78 44.97 3 63 
87 33.53 2 15 
B8 48.14 4.78 
DEPTH AVG. 
I-a 
2 0 0 
3 0 0 2.51 
4 0 5.83 2.58 32.23 0.80 
5 9 06 2.06 28 84 1 80 45.70 1.63 
6 4.34 0.85 15.53 2.05 29.05 1.92 
7 8.50 1.43 21.89 2.18 38.74 2.72 
8 41.56 3.95 
9 
PLANE AVG. 7.70 1.10 22 94 1.87 37.46 1.52 
r-
E-12 
TEST NO 132 INJECTOR: TLOL 
GRID NO PLANE NO 1 PLANE NO. 2 PLANE NO 3 
.QL -l!!L EVF ~ ~ MRL 
25 0 0 
26 0 
35 0 0 0 
36 0 0 0 
37 0 0 
45 0 11.60 8 62 44.45 3 89 
46 0 0 39.53 
- 47 0 39.53 
54 59.07 2 89 
55 12.93 1 54 36.44 1.77 57.26 1.60 
56 14.93 3.10 39 53 1.81 57.88 1.42 
57 39.66 3.92 60.40 3.14 
64 58.94 3.51 
65 4.06 0.50 36.51 1.79 57.91 1.72 
66 9.95 1.24 27.43 1.17 38.98 1.13 
67 31.58 5.78 60.56 3.47 
68 59.61 5.40 
-
74 53.58 2.28 
75 23.46 1.90 53.38 2.06 
76 13.28 1 60 26.93 0.12 33.26 0.53 
17 37.67 3.12 56.42 3 49 
78 56.32 3.72 
87 45.76 2.60 
88 47.33 5.87 
DEPTH AVG. 
- 1-0 , 
1 
2 0 0 
3 0 0 0 
4 0 5.82 2 11 41.45 o 88 
5 13.68 2.31 38.75 1.95 57.97 1.73 
6 7.11 0.96 29 65 2.25 46.17 2 02 
7 13.28 1 60 30.27 2.39 49.55 2 83 
8 46.62 4.85 
PLANE AVG. 11.76 1.21 33.80 1.90 51.05 1.61 
E-13 
-, 
























































PLANE NO. 2 PLANE NO 3 







14.70 8.12 52.61 3.79 
0 45.18 
13.60 9.40 45.18 
62.51 2.96 
36.98 1.74 59.03 1.64 
45.18 1.80 62.25 1.47 
47.12 3.91 66.02 3.25 
62.54 3 60 
37.13 1.76 60.04 1.76 
13.48 1. 15 18.04 1.14 
31.96 5.65 68.39 3.86 
77.09 11 32 
58.56 2.34 
25.66 1.82 57.87 2.12 
27.20 0.12 34.61 0.52 
40.47 3.08 61.07 4 23 
60.89 4.51 
50.60 2.75 
56.91 6 91 
0 0 
0 3.96 
9.23 2.71 48.08 0.86 
43.17 1.93 61.82 1.79 
19 88 2.20 24.56 2.30 
32.03 2.33 53.31 3.30 
34.07 5 60 
33.15 1.99 49.23 177 
E-14 
TEST NO 157 INJECTOR EDM·LOL 
GRID NO PLANE NO. 1 PLANE NO 2 PLANE NO. 3 
.11L --1:lliL. ~ MR( EvF .J:!!L 
15 40.51 36.11 40.51 
23 30.66 0.39 
24 46.59 7.61 73.48 2.85 
25 17.89 10.10 0 7.49 57.93 
26 26.55 1.81 50.66 15 22 57.54 51.94 
33 27.89 1.13 30 35 0.39 
34 61.53 4.62 80.44 2.18 
35 16.45 11.21 56.80 8 06 75.91 3.64 
36 0 27.66 0 72.80 2.46 
37 25.25 0.50 69.47 3.58 
38 39.06 0.59 
43 22.16 0.68 48.23 1.43 
44 1.39 0.88 61.35 1.95 80.18 1.47 
45 27.54 2.85 60.83 1.73 79.65 1 49 
46 27.66 2.17 56.89 1.26 17 .29 1 41 
47 2.03 0.95 46.84 0.59 68.68 1.66 
48 64.16 1 14 
53 51.40 1.27 75.13 1.67 
54 18.54 1.25 61.07 3.43 80.94 2 28 
55 27.76 2.51 60 89 3 67 80.35 2.61 
56 27.63 2.14 61.19 3.06 80.83 2.28 
57 25.29 1.65 61.16 1 84 76.48 2.00 
58 68.95 1.88 
63 50.66 3.14 17.48 2.12 
64 59.22 5.55 79.90 3.83 
65 78.81 5.45 
66 59.58 4.96 78.45 3 74 
67 24.52 5.22 60 48 4.27 80.00 3.81 
68 66.29 1.48 
73 75.25 3.41 
74 76.79 6.10 
17 53.64 7.40 78.56 5 67 
78 79.99 4.28 
88 71.99 5.30 
89 76.70 1.36 
DEPTH AVG. 
1-0 
1 40 51 36.11 
2 25 20 5 30 44.10 5.33 47.33 36.89 
3 13.98 611 43 79 4 90 65.79 2.70 
4 26.64 2.47 57 88 1 61 74.86 1.47 
5 27.26 2.25 60.44 3.22 78.75 2.29 
6 24 52 5.22 58.37 4.62 76.99 317 
7 53.43 7 40 78 12 4.78 
8 71.99 3 52 
9 
PLANE AVG 26.67 2.76 57 02 3.23 75.05 377 I 
I" 
E-15 
-TEST NO: 158 INJECTOR: EDM-LOL 
I GRID NO. PLANE NO. 1 PLANE NO. 2 PLANE NO. 3 
-
-ill- .....!:lliL '~ ~ EVF ~ 
15 31.89 35.67 31.89 
23 30.06 0.57 
24 34.88 7.68 61.32 2.88 
25 11.95 10.32 0 0 
26 19.47 1.84 40.23 15.38 42.16 54 26 
33 27 01 1.01 28.91 0.53 
34 48.74 4.10 70.09 2.04 
35 11.07 11 45 44.32 8.17 64.14 3.73 
36 0 19.72 60.03 2 56 
37 21.33 0.50 58.42 3.65 
38 33.03 o 60 
43 22.35 0.64 41.35 1.23 
44 2.34 0.89 48.81 1.97 70 08 1 51 
45 19.34 2.91 48 97 1.76 69.98 1.53 
46 19.72 2.21 46.59 1.26 67.99 1.30 
47 4.48 0.95 38.02 0.63 59.54 1.54 
48 55.15 o 98 
53 43 68 1.45 66.94 1 42 
54 15.44 1.26 48.33 3.46 70 46 2.36 
55 19.60 2.56 48.15 3.68 69.38 2.61 
56 19.73 2.19 48.72 3.08 70.10 2.35 
57 19.01 1.68 49.12 1.86 67.42 2.01 
58 60.19 1.93 
63 42.60 3.59 67.93 2.35 
64 46.63 5.61 68.86 3.94 
65 67.62 5.56 
66 47.24 5 01 67.34 3 89 
67 16.99 5.34 48.03 4.13 69 68 4.00 
68 56.35 1.79 
73 65.34 3.77 
74 65.31 6.21 
77 41.21 7.56 67.47 5.72 
78 69 64 4.29 
88 59.73 5.60 




2 18.30 5.41 33.52 5.38 41.45 17 27 
3 9.41 6.24 34.86 4.79 56.08 2.75 
4 18.94 2.52 46 87 1.63 65.51 1.42 
5 19.12 2.30 48.29 3.25 68.58 2.32 
6 16.99 5.34 46.63 4.67 66.38 3.94 
7 41.21 7.56 67.55 4 89 
8 59.73 3 66 
9 
PLANE AVG. 18.85 2.82 45.89 3.24 65.30 3 06 
E-16 
TEST NO. 159 INJECTOR EOM-LOL 
GRID NO. PLANE NO. 1 PLANE NO. 2 PLANE NO. 3 
---
...ill..- ~ '..QL ~ EVF .J!BL 
15 26.20 34.83 26.20 0 
23 19.95 0.48 
24 31.53 8 10 56.25 3.18 
25 10.61 10.68 0 0 
26 16.16 1.93 35.05 16.66 37.11 58.97 
33 12 37 1.13 17.04 o 42 
34 42.53 4.23 63.90 2.25 
35 9.84 11.84 38.89 8.91 58.48 4.15 
36 0 16.43 0 52.87 2.80 
37 17.81 o 53 52.91 4.05 
38 28.37 0.64 
43 18.78 0.77 28 48 1.43 
44 1.60 0.91 42.57 2.18 63.91 1.73 
45 16.19 3.05 42.66 1.93 63.81 1.75 
-
46 16.43 2.32 40.59 1.39 62.01 1.43 
47 3.23 0.98 32.66 0.68 53.41 1.55 
48 48.86 0.96 
53 37.64 1.63 60.66 1.66 
54 12.68 1.31 42.20 3.82 64.21 2.70 
55 16.36 2.69 42.06 4.06 63.16 3.01 
56 16.42 2.30 42.47 3.41 63.86 271 
.- 57 15.76 1. 76 42.78 2.05 61.20 2.27 
58 53.13 1.96 
63 36.80 4.00 61.62 2.73 
64 40.82 6.16 62.70 4.50 
65 61.55 6 34 
66 41.28 5 51 61.22 4.48 
67 14.49 5.57 41.92 4 54 63 48 4.57 
68 50.22 2 19 
73 59.31 4.35 
74 59.43 6.98 
77 36.45 8.41 61.37 6 42 
78 63 45 4.82 
88 54.80 6.59 
89 60.58 1 42 
DEPTH AVG. 
1-0 
1 26 20 22.55 
2 15.30 5.63 30.01 5.75 33.86 18.79 
3 8.36 6.44 28.54 5.16 49.38 3 03 
4 15.80 2.64 40.80 1.79 59.19 1.57 
5 16.24 2.41 42.00 3.59 62.28 2.65 
6 14.49 5.57 40.57 5.14 60.23 4.53 
7 36.45 8.41 61.46 5.52 
8 54.80 4.24 
9 
PLANE AVG. 15.86 2.95 39.76 3.51 58.95 3.44 
E-17 
;- TEST NO 160 INJECTOR' EDM-LOL 
GRID NO PLANE NO 1 PLANE NO. 2 PLANE NO. 3 
..l'LE..- ~ ..!Y!..- ~ ...1YL ~ 
15 17.12 32.37 17 .12 0 
23 30.89 0.79 
24 16.88 7.30 36.87 2 54 
25 4.75 10.11 0 0 
26 10.07 1.75 23.13 14.16 23.72 50 44 
33 16.20 0.67 28.43 0.69 
34 28.33 2.86 47.67 1 41 
35 4.35 11.23 24.86 7 54 40.84 3.23 
36 0 9.87 36.94 2.33 
37 20.58 0.44 36.84 3.22 
38 23 90 0.54 
,--
43 24.74 o 72 41.66 0.62 
44 8.12 0.81 28.87 1 78 48.42 1 21 
45 9.43 2.79 29.62 1.59 48.94 1 23 
46 9.87 2.11 29.49 1.12 48.52 0.93 
47 8.66 0.87 24.39 o 58 38.07 1.37 
48 39.12 0.64 
53 29.86 1.45 49 98 1.16 
54 10.04 1.18 28.32 3.14 48.15 1.94 
55 9.65 2.45 28.16 3.32 46.48 2.10 
56 9.88 2.09 28.90 2.78 47.53 1.93 
57 10.13 1.59 29.59 1.67 48.55 1.59 
58 51.09 1.80 
63 28.59 3.61 48 71 2.05 
64 26.87 5.13 45.97 3.26 
65 44.59 4.64 
66 27.64 4.55 44.41 3.28 
67 7.72 5.16 28.27 3 62 47.66 3.31 
68 39.46 1 82 
73 45.83 3.40 
74 42..06 5.32 
77 10 68 7.38 40.53 4.78 
70 47.60 3.49 
88 11.02 4 97 
89 40.50 1 68 
DEPTH AVG. 
IzO 
1 17 12 32.37 
2 9.24 5.26 17.02 5.03 31.75 16.03 
3 3.70 6 12 20.54 4.12 37.58 2.36 
4 9.63 2.41 29.04 1.47 45.88 1 14 
5 9.81 .1Q 211.66 2.94 48.90 2.35 
6 7.72 5.16 27.86 4.26 44.98 3 33 
7 10.68 7.38 45.70 4.13 
8 11.02 3.48 
9 
PLANE AVG. 9.60 2.71 27.88 2.91 45 62 2.76 
-
E-18 
TEST NO. 161 INJECTOR' EDM-LOL 
GRID NO PLANE NO 1 PLANE NO 2 PLANE NO 3 
..llL --1:!!L. ..!YL --llliL ~ .213L 
15 40.93 37.15 40.93 0 
23 25 89 0.31 
24 50.75 8.36 76.53 3.30 
25 20.16 10.67 0 8.82 59.72 
26 28.04 1.94 52.60 16.81 59.66 57.84 
33 19.05 1.29 23.06 0.26 
34 60.53 5.22 82.87 2.62 
35 18.68 11.82 59.88 9.00 78.48 4.24 
36 0 29.78 0 75.72 2.86 
37 25.80 0.53 71.72 4.09 
38 40.18 0.64 r-
43 21.19 0.78 28.05 1.51 
44 0.84 0.92 64.26 2.21 82.59 1.77 
45 29.96 3.06 63.40 1.94 82.02 1.79 
46 29.78 2.33 59.12 1 41 79.66 1.69 
47 1.64 0.98 48.05 0.64 70.69 1.86 
48 66.12 1.27 
53 52.61 1.38 76.93 2.14 
54 18.49 1.32 64.02 3.87 83.34 2.74 
55 30.08 2.70 63.85 4.17 82.90 3.18 
56 29.71 2.30 63.89 3.45 83.25 2.77 
57 26.32 1.77 63.73 2.08 78.47 2.34 
58 70.76 2.10 
63 52.21 3.38 79.66 2.48 
64 62.19 6 24 82.43 4.61 
65 81.04 6.56 
66 62.30 5.58 81 05 4.49 
67 26.98 5.58 63.23 4.95 82 32 4.56 
68 68.14 1.67 
73 77.28 1 67 
74 79.09 7.23 
77 56.87 8.34 81.15 6.80 
78 82.31 5 15 
88 75.14 6.28 
89 79.29 1.59 
DEPTH AVG. 
1-0 
1 40.93 37.15 
2 26.82 5.63 47.47 5 87 46.08 39 55 
3 15.87 6.43 44.61 5.50 67.08 3 14 
4 26.79 2.65 60.23 1 81 51.74 1.74 
5 29.30 2.42 63.18 3.64 81.04 2.76 
6 26.98 5.58 60 96 5.23 79.35 4.52 
7 56.87 8 34 80.49 5.71 
8 75.14 4.15 
9 




TEST NO. 162 INJECTOR: EOM-LOL 
GRID NO PLANE NO. 1 PLANE NO 2 PLANE NO 3 EYF 
-1lliL ~ MRL EVF 
--..B.8L 
15 36.26 37.94 36.26 0 
23 34.36 0.57 
24 40.05 7.89 67.13 2.94 
25 ' 14.46 10.64 0 0 
26 23.39 1.89 45.58 15.76 47 54 55.51 
33 31.32 1.07 33.19 0.53 
34 54.70 4 42 75 42 2.10 
35 13.39 11.81 49.98 8.35 69.66 3 76 
36 0 23.72 0 66.39 2.59 
37 24.53 0.52 64.16 3 73 
38 37.10 o 62 
43 25.21 0.62 45.90 1.32 
44 2.72 0.92 54.80 2.01 75.40 1.49 
45 23.27 2.99 55.01 1.79 75.33 1.52 
46 23.72 2.27 52.51 1.29 73.50 1.32 
47 5.26 0.98 43.17 0.64 65.27 1.68 
48 60.92 1.10 
53 49.24 1.45 72.67 1.44 
54 18.49 1.30 54.'30 3.53 75.72 2.36 
55 23.57 2.64 54.11 3.75 74.66 2.5B 
56 23.72 2.25 54.73 3.14 75.36 2 34 
57 22.82 1.72 55.17 1.89 72.79 2 00 
58 66 81 2.12 
63 48.05 3.58 73.56 2.33 
64 52.48 5.73 74.15 3.93 
~ 65 72.93 5 56 
66 53.14 5.11 72.63 3 85 
67 20.47 5.49 53.99 4.24 74.94 3.99 
68 61.91 1.67 
73 71.09 3.77 
74 70.59 6 22 
77 46.58 7 63 72.79 577 
,- 78 74 91 4 33 
88 65.53 5.54 
89 72.03 1 37 
E-20 
,--, 
















































































































































































































































TEST NO. 165 INJECTOR' EDH-LOL 
GRID NO. PLANE NO. 1 PLANE NO 2 PLANE NO 3 
..kL ~ ...ill- ~ .-!YL. ~ 
15 13.57 23.55 13.57 0 
23 60.05 0.55 
24 81.10 16.35 95.15 11.56 
----
25 46.03 13.99 0 14.58 55.25 
26 12 86 2.08 56.43 23.33 70.18 89.44 
33 56.49 2 07 59.80 o 48 
34 69.87 10.79 70.26 6 79 
35 44.44 15.24 80.50 17 .98 94.56 14.40 
36 0 34.58 86.91 4.55 
37 33.66 0.60 87.13 9.15 
38 50.31 o 78 
43 35.09 1.09 42.71 1.49 
44 14.31 0.94 80.66 4.40 92.91 5 31 
45 46.78 4.09 71.15 2.08 92.51 3.91 
;- 46 34.58 2.81 61.07 2.06 83.23 4.49 
47 14.61 1.01 11.81 0.60 61.11 2 95 
48 72.29 1.34 
53 42.70 1.06 79.10 5.64 
54 16.32 1.41 80.80 7.88 94.55 8 22 
55 41.70 3.45 80.78 9.40 95.96 11.69 
56 34.04 2.77 76.43 6.43 95.59 11.07 
57 6.03 1.84 70.67 3 47 84.10 4 78 
58 69.54 2.10 
63 61.79 4.54 96.55 13 01 
64 79.48 12.22 95.67 17 93 
65 95 16 25.37 
66 75.44 10.14 94 78 16.41 
67 52.44 7.89 76.40 9.88 92.11 10.59 
--' 68 93.60 10.68 
73 93.48 12.83 
74 94.24 23.56 
77 84.13 25.89 94.62 23 55 
78 92.13 11.90 
88 94.85 29 60 
89 90.54 3.79 
E-22 
TEST NO 168 INJECTOR' EDM-LOL 
GRID NO PLANE NO. 1 PLANE NO. 2 PLANE NO 3 
---
EVF ~ .!.YL- MRL J[L ~ 
-, 15 4.83 22 69 4.83 0 
23 57.63 0.73 
24 81.92 22.15 94.96 18.10 
r 25 47.29 16.02 0 11.15 61.86 
26 1.34 2.05 55.87 27.46 71.94 115.12 
33 54.78 2.17 57.47 0.64 
34 47.56 6.56 49.18 4 15 
35 46.25 17.48 73.41 19.74 93.46 20.71 
36 0 6.52 0 80.19 5.24 
37 30.14 0.64 88.18 13.65 
38 46.22 0.87 
43 31.44 1.19 33.63 1.51 
44 12.47 0.98 68 07 4.37 86.02 5 39 
45 34.61 4.05 45.08 2.34 85.07 4.72 
;- 46 6.52 2.52 41.43 1 96 69.11 3.44 
47 12.73 1.05 36.07 0.89 57.95 1.93 
48 56.97 1 03 
53 26 26 1.80 64.52 3.96 
54 14.05 1.47 71.65 8.27 89 71 8.32 
55 28.30 3 37 71.56 9 45 94.26 19 08 
56 6.15 2.49 66.56 6.81 93.32 13.96 
57 0.59 1.85 52.01 3.27 73.98 4.94 
58 60.59 2.41 
63 58.75 6.44 95.65 23 87 
-
64 71.06 13.09 94.13 24 68 
65 93.51 33.62 
66 67.51 11.18 93.74 24.85 
67 50.36 8.80 67.92 9.30 85.23 10.51 
--' 68 73.19 5.00 
73 92.94 21.17 
74 92.92 33.23 
-
77 83.60 35.60 93.26 32.03 
78 85.17 10 55 
88 94.91 50 41 
89 86.01 4 14 
DEPTH AVG. 
1=0 
4.83 22 69 
2 8 48 7.95 70.32 12.25 70.82 61.15 
3 39.30 9 51 41.80 10 56 69.61 10.41 
4 18.68 3.23 47.34 2 61 71.10 3.71 
5 14 19 2 79 65.38 7.68 85.59 12.17 
6 50.36 8.80 67.01 10.37 88 49 20.91 
7 83.60 35.68 89.58 21 81 
8 94.91 29 42 
9 
















































































PLANE NO. 2 PLANE NO 3 
'~ MRL 
--hL ~ 
3.25 26.14 3.25 0 
73.55 18.80 49.74 0.83 
0 90.51 13.04 
48.93 21.35 14.88 71.22 
65.55 112.61 
48.68 2.05 51.49 0.13 
6.81 45.86 45.86 4.35 
68.39 19.19 88.68 15.53 
10.40 72.83 4 96 
26.28 o 61 82.22 11 69 
41.40 0.91 
27.42 1.25 29.44 1.53 
65.00 4.47 83.20 5.24 
45.58 2.52 82.42 4.61 
39.81 2.09 67.87 3 66 
31.81 0.91 55.04 2.04 
54.19 1.10 
28.02 1.91 60.47 3.99 
66.86 8 08 86.03 7 94 
66.79 9.39 89.49 12.66 
60.36 6.63 88.41 10.42 
50.17 3.47 70.33 5.06 
48.44 2.35 
51.70 6.30 87.36 10.21 
66.09 12.79 89.30 17 .63 
88 67 25.27 
60.44 10.69 88.27 17 .51 
60.93 9.03 81.52 10 93 
67.09 4 88 
87.10 15 21 
87.85 25 14 





62.87 11.15 64.78 62.97 
39.85 10.46 64.32 8.55 
46.25 2.74 68.82 3.76 
60.86 7.58 80.65 9.19 
60.43 10.06 83.32 15.75 
75 52 27.65 84.90 17 .49 
90.50 20 98 

























































PLANE NO 1 
EVF ~ 
24.32 11.17 















25 B4 2.59 
29 17 5.99 
26.37 3.15 
EDM-LOL 
PLANE NO 2 PLANE NO 3 '~ ~ --.fYL ~ 
35.66 30.01 35.66 0 
34.15 0.49 
56.12 9.84 78.78 4.70 
0 14.34 60 50 
47.77 19.57 58.11 70 22 
32.51 1.35 33.49 0.46 
58.76 7.99 59.02 5 03 
61.21 11.25 80.46 6 26 
26.23 72.49 3.40 
23.17 0.55 71.90 5.45 
37.24 o 68 
15.19 0.99 36.16 1.18 
62.82 2.81 80.59 2 64 
58.15 2.26 78.52 2.47 
51.61 1.67 68.35 2.44 
38.70 o 69 63.13 1.83 
57.02 1.09 
44.76 1.57 63 82 3 86 
63.19 4.94 82.28 3.96 
63.12 5.55 83.21 5.21 
60.75 4.35 82.53 4.24 
58.39 2.58 12.81 3.18 
58.05 1.98 
45.80 3.88 78.03 3.63 
61.B7 7.B6 B2.Bl 7.04 
82.0B 10.20 
59 64 6 97 BO.93 6.B2 




60.91 11 BO B1.06 9.B7 
79.B4 6.97 
79.1B 10.74 
77.03 2 05 
35.66 30 01 
50.66 6.87 51.92 43.79 
43.91 7.28 62.10 4.54 
54.84 2.16 69.59 2.30 
60.81 4 70 7B.15 4.17 
58.15 6.58 78 09 6 75 
60.19 11 80 79.46 8 06 
79.18 6.80 
























































































2 PLANE NO. 3 
~ EVF ~ 
0 0 0 
0 0 0 
50.74 2 40 
0 31.20 1.77 
0 20.94 1.35 
1.60 40.94 1.79 
55.99 49 94 
95.63 10 44 
5.00 95.52 8.70 
6.46 95.55 8.52 
0 40.17 3.01 
... 39.73 
64.63 
67.36 90.46 6.75 
2.94 90.61 6.08 
3.03 90.99 6.29 
75.30 3.78 
74.31 57.41 
2.99 76 46 1.13 
1.01 79.55 1.02 
0 0 0 
0.16 33.94 1 84 
4.59 85.95 9.13 
8.15 87.62 7.29 
1.87 78.18 1.07 




























































PLANE NO 2 PLANE NO 3 
...ll.L ~ ~ MRL 
0 0 0 0 
0 0 0 0 
3.28 1.76 
0 0 0.95 1.49 
0 0 0.18 1.11 
25.51 1.71 71.76 1.98 
52 08 
52.08 96.20 6.97 
85.50 4 01 96.30 5.98 
83.95 5.70 96.07 5.69 
83.75 8.32 94.86 6.01 
0 83.75 
0 68.42 
68.42 81.66 91.05 11.94 
80.36 2.97 94.90 5.28 
79.56 3.05 44.96 5.37 
80 60 7.66 94.20 6.21 
0 80.60 
54.88 2.83 79.44 0.98 
73.25 0.84 79.36 0.83 
0 0 0 0 
2.34 0.17 9.40 1.52 
84.21 5.15 95.21 5.71 
79.83 10.33 94.06 5.75 
68 44 1.71 79.40 0.90 
68.86 5.81 81.56 5 14 
E-27 
TEST NO 182 INJECTOR: PAT 
I 
GRID NO. PLANE NO 1 PLANE NO 2 PLANE NO 3 
...ill- .2lB.L .lYL- ~ --lli- ~ 
- 25 0 0 0 0 
26 0 0 0 0 
34 35.58 2.98 
35 0 0 0 0 34.13 2.50 
36 0 0 0 0 14.36 1.67 
37 0.34 1.69 18.67 1.81 
43 79.35 64.28 
-
44 0 64.52 51.08 79.85 6.00 
45 28.72 5.41 60.27 3.71 79.58 5.07 
46 22.34 3.00 56.35 5.24 79.46 4 93 
47 0 22.34 0 22.65 2.47 
48 0 64.56 39 41 
53 0 .. 0 44.67 
54 0 44.67 44.60 71.53 5.85 
55 18.88 2.59 46.92 2.71 72.25 4.51 
56 17 .57 2.46 46.11 2.80 72.56 4.58 
57 0 17.57 0 17.73 2.78 
58 0 17 .57 
65 6.27 0.46 33 47 2.98 57.32 1.06 




2 0 0 0 0 
3 0 0 0.03 0.17 27.76 2.39 
4 26.05 4.27 51.10 5.91 70.14 7.39 
5 18.33 2.17 40 67 6.13 61.75 4 07 
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33.13 3 47 
-, ::70~~:t;<~; f ~ 
PAT 
f ~ ,.~.", 
,< ' 
PLANE NO 2 PLANE NO 3 
EVF ~ EVF ~ 
0 0 0 0 
0 0 0 0 
49.77 2.59 
0 0 47.90 2.16 
0 0 22.78 1.42 
2.23 1.70 55.83 2.06 
51.20 47.77 
48.49 94.40 9.15 
81.59 4.74 94.28 7.70 
78.05 6.42 94.32 7.54 
39.31 0 52.43 3.15 
0 39.31 
0 68.07 
68.07 78.89 89.69 7 47 
68.46 3.09 89.96 6.06 
67.80 3.19 90.23 6.21 
31.83 76.47 4.03 
0 31.83 
50.64 3.13 75.89 1.19 
70.44 0.98 76.59 0.99 
0 0 0 0 
0.20 0.17 42.99 2.11 
71.35 4.49 86.85 8.24 
60.88 9.40 86 95 5 49 
62.25 192 76.28 1.08 
57.02 5.07 78.99 6.54 
E-29 
.- TEST NO 190 INJECTOR. PAT 
GRID NO PLANE NO. 1 PLANE NO 2 PLANE NO. 3 
.ML ~ .l.Y.E.- ~ ~ ~ 
I 25 0 0 0 0 
26 0 0 0 0 
34 43.83 2.58 
35 0 0 0 0 25.75 1 96 
36 0 0 0 0 17.64 1.44 
37 0.45 1.60 23.75 171 
43 89.60 91 58 
44 0 78.47 77.13 90.44 7.37 
45 41.53 5.52 74 62 4 07 90.22 6 20 
46 32.17 2 98 70.63 5.62 90.12 5.96 
47 0 32.17 0 32.51 2 68 
~ 48 0 77.41 56.25 
53 0 0 56.58 
54 0 56.58 55.51 83.70 6.41 
55 27.15 2.54 60.01 2.76 84.02 5 01 
56 25.25 2.40 59.03 2.84 89.38 5.13 
57 0 25.25 0 25.43 2.91 
58 0 25.25 
65 9.01 0.44 43.61 2 92 68.84 1 07 






2 0 0 0 0 
3 0 0 0.04 0.16 27.35 1.99 
4 13.46 1.13 64.51 7.33 80.66 9.51 
5 26.35 2.13 52.59 6.94 72 81 4 50 




PLANE AVG. 18.45 1.60 51.00 6.43 69.60 6.93 
E-30 
TEST NO 193 INJECTOR PAT 
GRID NO PLANE NO. 1 PLANE NO 2 PLANE NO 3 
---
...llL ~ ~ ~ --1YL ~ 
25 0 0 0 0 
26 0 0 0 0 
34 55.38 2 74 
35 0 0 0 0 32.83 1.90 
36 0 0 8.78 0.59 91.11 5 10 
37 0.15 1 63 19.63 1.73 
43 98.85 662 16 
44 0 0 95 88 394 88 98.56 34.08 
45 66.08 8.76 91.14 9 56 98 43 27.07 
46 26.42 3.04 82.43 9 12 98.72 33 57 
47 0 26.42 0 26.74 2 52 
48 0 26.42 
53 0 0 57 61 
54 0 57.61 57.22 92 03 7.69 
55 8.43 2.39 60.81 3.10 91.87 9 20 
56 5.05 2.25 62.04 3.30 92.82 10 15 
57 0 5 05 0 74.88 3 88 
58 0 76 36 63.33 
65 13 52 0.46 54 54 3.43 79.84 1 47 , 
~ 66 67.36 9 58 84 06 1.69 87.87 1.77 
DEPTH AVG. 
1=0 
2 0 0 0 0 
3 0 0 4 97 o 43 50.54 2.76 
4 49.49 6.37 74 65 24.89 86.33 44.18 
5 7.00 2.00 50.41 7.39 88 77 9.96 




PLANE AVG. 24.68 4 18 57.87 18 29 80.48 28.09 
E-31 
TEST NO 194 INJECTOR PAT 
GRID NO PLANE NO. 1 PLANE NO 2 PLANE NO 3 
---
EVF ~ .!YL- ~ ~ ~ 
25 0 a a 0 
26 0 a a 0 
34 51.74 3.08 
35 a 0 a 0 30.74 2.17 
---
36 a a 8.02 0.62 87.48 4.38 
37 0.16 1.75 27.90 1.94 
43 96.50 279 04 
44 a 91.01 199.00 96.67 20.35 
45 56.90 7.92 86.59 7.86 96.56 16.92 
46 35.58 3.52 79.07 8.77 96.61 17 43 
47 a 35.58 0 35.87 3 08 
48 a 35.58 
53 a 0 53.66 
54 0 53.66 56.67 89.71 9.12 
.-- 55 13.68 2.64 60.08 3 36 89.77 8.89 
56 8.17 2.45 59.74 3.50 90.40 9 42 
57 a 8.17 0 72.28 4 13 
58 0 67.84 50.79 
- 65 11.76 o 49 51.41 3.63 76.88 1.52 






2 0 0 a 0 
3 a a 4 55 a 45 48 93 2 84 
4 47.98 5.99 73 33 15 56 86.25 22 90 
5 11.36 2 19 44.82 7.55 86.36 9.39 




PLANE AVG. 25.49 4.07 55.66 12.12 79.38 16 03 
E-32 
TEST NO 197 INJECTOR PAT 
GRID NO PLANE NO 1 PLANE NO 2 PLANE NO 3 
~ ~ ~ ~ ~ ~ 
25 0 0 0 0 
26 0 0 0 0 
34 90.14 4 42 
35 0 0 37.09 117 90.03 3.71 
,-
36 0 0 0 0 23.98 1.40 
37 21.92 1.82 65.32 2.16 
43 46.72 45.66 
44 0 44.32 93.15 7.28 
45 44.32 5.80 78.84 4.14 93.11 6.18 
46 40.70 3 27 77.34 5.89 93.01 5.91 
47 0 40.70 0 79.51 3.51 
48 0 40.70 
53 0 0 38.42 38 36 
54 0 36.79 71.56 
55 36.79 2.81 71.56 3.05 90.47 5.48 
56 35.21 2.67 71.06 3 16 90.61 5 59 
57 0 35 21 80.00 4.06 
58 0 35.21 
65 10.15 0.47 49.97 3.09 75.09 1.11 





2 0 0 0 0 
3 0 0 14.75 0.72 70.84 3.27 
4 42.81 4.59 70.25 4.05 90 32 6.89 
5 36.12 2.35 63.66 2.01 85.77 6.15 




PLANE AVG 33.60 3.42 58.75 3.25 83.71 6.11 
E-33 
F. NOMENCLATURE 
CR Chamber Contraction Ratio 
Hv Heat of Vaporization, J/kg 
Lc Length of Straight Chamber Section, cm 
KJ Constant Containing Drop Size and Velocity 
Kp Constant Containing Propellant 
Properties 
Lgen Generalized Length, cm 
LN Length of Converging Chamber Section, cm 
M Molecular Weight 
Pc Chamber Pressure, kPa 
rm Mass-Median Droplet Radius, llm 
, rm, Uncorrected Mass-Median Droplet uncor Radius, llm, Figure 27 
~ S conVerg~NOZZle Shape Factor (1 + 1/ CR + 1/CR}/3 
T Propellant Temperature, oK 
Tc Propellant Critical Temperature, oK 
r Tr Reduced Temperature, T/Tc 
V Propellant In~ection ValoCity, m/s 
ex Spray Fan Hal Angle, egree 
II Dynamic viscosity, kg/m-sec 
p Density, kg/m3 
(J Surface Tension, N/m 
F-l 
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